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ABSTRACT 
The UAE attache great importance to agricultural development with a sound focus on date 
palms. Thi special attention is obvious in the ongoing expansion of agricultural resources 
and inve tments, the growing number of palm trees, and in the extensive use of modern 
technologies. Ma cultivation of date palm trees is required to continue according to the 
country's agricultural plan 
In order to achieve these agricultural expansion of date palm, new techniques of 
propagation other than t raditional techniques (seed and offshoot propagation) are critical ly 
required. Tissue culture is a modern and rel iable technology being one of the main 
method for date palm propagation . However, such technique seems to be expensive and 
ha a few problems that sti l l need to be studied carefully. 
Trueness-to-type and appearance of abnormal ities are the most serious problems associated 
with the tissue culture derived plants. These problems can be solved and perhaps 
el iminated by further study on developing the conditions used in this technique. The aim of 
the present  invest igation is to study the morphological abnormalities in tissue culture­
derived date palm plants and to relate these abnormalities to the applied conditions during 
the in vitro multiplication process. These results will contribute to avoiding such 
shortcomings in the future and avoid the occurrence and propagation of such 
abnormalities. 
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Date palm i found in both the old world (Near East and North Africa) and the new world 
(American continent, Southern African sub-continent and Australia), where dates are 
commercially grown. The date belt tretche from the Indus Valley in the east to the 
Atlantic in the we t .  The extreme limit of date palm di tribution are between lOON 
( omalia) and 39°N (Elche/Spain or Turkmenistan). Favorable areas are located between 
24 ° and 34 ON (Morocco, Algeria, Tunisia, Libya, Palestine, Egypt, Iraq, and Iran.). In  
USA, date  palm is found to grow between 33° and 35°N. 
Altitude is very important since it imposes the availability of water and the temperature 
limit which largely  determine the distribution of date palm in the world .  In fact, date 
palm grows and flouri hes from 392 m below sea level to 1 ,500 m above, with an altitude 
range of 1 ,892 m. 
Date Palm is one of the oldest plants cultivated by man, and its origin is supposed to be 
either Mesopotamia (now Iraq) or the Gulf Region. In  the Gulf Region, date culture have 
been known at least since 2500 Be as proved by ancient texts. (1) 
The United Arab Emirates (UAE), with a total area of 82,000 km
2, is located at the 
southern tip of the Arabian Gulf, between longitudes 22° and 26.5° North, and latitudes 
5 1  ° and 56.5° East. (2) Eighty percent of the UAE area is desert, and can be divided into 3 
ecological areas: Northeast mountain areas, sandy/desert areas, and marine coastal areas. 
(3) 
The UAE has a tropical desert climate where years may pass with very little or no rain. 
Infrequent rainfall  gives rise to an annual average of 70 mm to 160 mm covering a period 
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of 9 to 1 9  day of the whole year. This low rainfall is accompanied with a h igh 
evaporation rate, " hich may reach 3,000 mm in coastal areas, and may exceed 4,050 mm 
in non-coa tal one . Humidity varies with the month of  the year, and reaches its 
maximum in summer month with an average of 79 % in the period between May and 
September while it lowe t is reached with an average of 54 % between October and May 
(3) 
The UAB l ie aero the Tropic of Cancer, and therefore coincides with the area of high 
radiation input with a monthly average of 664.9 to 798.4 mWh/Sq.cm during summer 
months (3), In addit ion, the area is semi-permanently dominated by subtropical 
high-pres ure cel l  . The subsiding air results in heating, and prolongs the hot weather 
condit ions. This keeps the annual average of temperature high, and makes the area one of 
the hotte t i n  the world, and consequently ideal for date palm cultivation. 
The UAB's cult ivated area now extends over 891 ,089 acres as reported in the 2003 UAB 
yearbook (4) . This supports over 40 million date palms, together with various types of 
fruits and vegetables, including mangoes, tomatoes, beans, cucumber and pepper. Out of 
82,000 square ki lometers (the total area of the UAB), the area valid for l ivestock and 
agriculture is about 60,000 hectares. However, only 25,000 hectares (about 41 %) of this 
area is  actually used (2, 3). 
Agricultural holdings have exceeded 25,000 farms in number, distributed all over the 
country, i n  which various crops and fruiting trees are grown with the date palm i n  the 
forefront. Although highly arid, UAB has been able to develop a thriving agricultural 
industry and i t  is currently self-sufficient in dates, vegetable crops and fish throughout the 
year. S ignificant priority is  given to agricultural development in general, and sustainable 
- 3 -
date palm production in part icular. 
The Ministry of Agricu lture and Fisherie has final ized a three-year strategic plan for 
agricultural re earch to find practical solutions for obstacles faced by the date palm sector. 
The comprehensive plan i ba ed on a four-point program. The first stage consists of 
re earch and experiment into palm trees, date and fruits. The second is research into 
fodder, pa toral and wild plants. The third is for long-term experiments on agricultural 
di ea es, while the fourth is research on protected agriculture, or plants grown in 
greenhou e (2003UAB yearbook). (4) 
1.2. World date production 
The world total number of date palms is  about 1 00 million trees, d istributed in  34 
countrie with a total production of 3.7 ( 1991)  and 6.7 (2003) mil l ion metric tons (Mt) of 
frui t  per year. Asia is in the first position with 60 mil l ion date palms (Saudi Arabia, 
Bahrain, UAB, Iran, I raq, Kuwait, Oman, Pakistan, Turkmenistan, and Yemen); while 
Africa is  in  the second position with 32.5 mil l ion date palms (Algeria, Egypt, Libya, Mali ,  
Morocco, Mauritania, N iger, Somalia, Sudan, Chad, and Tunisia.). Mexico and the USA 
have 600,000 palms, fol lowed by Europe (Spain) with 320,000 and Australia with 30,000 
date trees. 
The major date producers in the world are situated in  the M iddle East and North Africa. 
On average over the period 1999-2003, Iran, Saudi Arabia and I raq had almost half of the 
harvested area of the world. Trade figures indicate that about 93 percent of the harvested 
dates are consumed locally and that by far, the majority of these palms are not of the 
well-known export cultivars. 
- 4 -
In 2003, the top five date producing countrie (Table 1 )  were Egypt, Iran Saudi Arabia, 
UAE and Paki tan accounting for 62.7 percent of the total world production. If the next 
five most important countrie are included, i.e. Algeria, Iraq, Sudan, Oman and Morocco, 
then thi percentage ri es to 85 .5 .  Thi clearly indicates that most of the world ' s  date 
production i concentrated in a few countries. 
Table 1 :  Production in thousand Mt of the main date producing countries. (5) 
1991 1992 
Eg) pt I Jamie Rep. 603 604 
of Iran audi 634 578 
Arabia Pakistan 52 552 
Iraq AJgeria 293 275 IUnited Arab 566 448 
Emirate Oman 209 261 ISudaD lorocco 173 230 
135 150 
140 1-12 
107 ! 82 
World 3 3 
7 1 7  664 
Source_ FAOSTAT (2003) 
*. 0 data avai lable 
1993 1994 1995 1996 
631 646 678 738 
716 774 780 855 
563 568 589 617 
577 579 533 534 
613 676 881 797 
262 317 285 361 
236 236 237 245 
163 170 173 180 
130 138 160 168 
III 62 98 80 
4 4 4 5 
387 568 849 015 
( ) 
1997 1998 1999 2000 2001 2002 2003 % of world (2003) 
741 840 906 1 007 1 102 1115 1115 16.5 
877 918 908 900 900 879 875 13 
649 648 712 712 712 829 830 12.3 
537 722 580 550 550 650 • 650· 9.6 
625 630 438 400 400 418 420 7.4 
303 387 428 366 370 757 760 6.2 
288 290 305 318 318 238 238 11.3 
185 236 282 260 260 330 330 3.5 
174 175 176 176 177 33 54 4.9 
110 85 73 74 32 0.8 
4 5 5 5 5 673 6749 -
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Most o f  the major dates producing countries have steadily expanded production over the 
la  t 1 0  years, representing an 8 1  percent increase over the period 1 99 1  to 2003. I ncrease 
ha been rapid in UAB, Sudan, Algeria, Egypt and Pakistan. Conversely, output 
decreased in Iraq (due to the trade embargo) and Morocco (due to phytosanitary 
problems). 
1.3. World date trade 
The world date exports for 2002 were about 386,278 MT with a value of US$ 240 
mil l ion(l). In  1 998-2002, an average of almost 500,000 tonnes of dates were exported 
annual ly with a total value of about US$ 258 mil l ion. When this figure is compared with 
total production, it is clear that the bulk of the dates produced is consumed within the 
producing countries themselves. Of the 500,000 tonnes exported, 225,000 tonnes were 
imported by India, 1 50,000 tonnes by the UAB and about 60,000 tonnes by the European 
- 5 -
Community. The world date imports for 2002 were 536 61 1 MT with a value of US$ 270 
million. 
Table 2 pre ent five-year averages of date imports (gross) for selected countries since 
196 1 .  The main importer are India UAE and Europe. The top five countries to import 
date during 1 996-2000 were India, Pakistan, Malaysia, UAE and the European 
Community. For the five-year period 1996 to 2000, India imported on average 213 ,000 
tonnes while UAE imported only 1 39,000 tonnes accounting for 28 percent of the import 
market . 
Table 2: Date imports for selected countries: 5 year averages since 196 1  (*)(5). 
Country 1961·65 1966-70 1971-75 1976-80 1981-85 1986-90 
France Volume: 20049 1 8326 1 5253 1 7195 1 4212 1 5802 
Value: 641 7  7094 1 1 880 1 8270 22085 33863 
India Volume: 53869 60 158 4 1226 32692 33066 74526 
Value: 5332 5238 5993 1 0037 1 3934 2 1624 
UAE Volume: --- 577 2876 3 140 13 298 87577 
Value: --- 66 369 777 3 805 28275 
UK Volume: 1 654 1 1 976 1 3009 9707 9421 9455 
Value: 492 1 5020 7204 1 0767 1 3666 1 5207 
World Volume: 3296 12 343763 364723 290835 205455 360471  
Value: 4878 1 52853 78 1 68 1 36602 1 62573 224588 
C"'): Volume In M t  and value tn thousand US $. 
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Magnoliophyta - Flowering plants 
Liliopsida - Monocotyledons 
Arecidae -
Order Arecales -
Family Arecaceae - Palm family 
Genus Phoenix L. - date palm 
Species Phoenix dactyli/era L. - date palm 









1 1 630 
1 355 
324043 




2 13 199 
48654 
1 39000 





1.5. Hi torical background 
The date palm i recorded in ancient history extending over an area from the Indu Valley 
(now Pakistan) to Me opotamia (now Iraq), the Nile Val ley, Southern Persia, Eastern 
Mediterranean and the Horn of Africa. References to the date in the Nile Valley and 
Tigri uphrates valley sugge t it was a plant of cultivation along with other early 
de elopment in agriculture, a it wa found in an area where agriculture had been 
practiced for 5 mil lennia (7). 
Such a wide di tribution implies that Phoenix dactyli/era L. had either evolved as a plant 
covering quite extensive geographic, soil and climatic conditions, (which is unlikely), or 
it had spread with the help of man after originating in a more limited geographic region. 
The theory of the date being of I ndus Val ley origin (Geoffrey Bibby, "Looking for 
Dilmun") is supported by the fact that within the Indus Valley is found a sister species, 
PhoenL",( sylvestris, (Sugar Date Palm, or Toddy Palm) which still occurs in the wild; its 
sap i used to produce a crude sugar (7). 
The DAE oldest radiocarbon dated discovery of date seeds was on Dalma island, part of 
the Abu Dhabi Islands group. Two seeds were found in 1998, the oldest was 5 1 10 Be and 
the other, 4670 Be. As there was no evidence of cultivation of date palms in the region at 
that time, it is probable that these seeds came from traders (8). Dates, most probably, were 
brought from the Indus Valley to trade with the Sabaeans and Shara of Southern Arabia 
from the beginning of trade for Frankincense. The Shara people, the earliest Arabs, lived 
in the Dhofar region as early as 5000 Be. They cultivated the date palm, as evidenced by 
Stone Age drawings of date palms found near today ' s  Salalah . 
- 7 -
The Temple of the Moon God in Ur, built between 4000 and 5000 year ago used date 
palm trunks in the con truct ion. In the Magam region (encompassing what is now UAB), 
trade of pearl and copper continued for thousands of years. It is perhaps enough to say 
that in tho e place where agriculture was believed to originate, including the Nile Delta, 
the Tigri and Euphrate delta Bahrain, South West Persia and possibly Maga'm, date 
palm were cultivated and the Date was traded from as early as the 5th millennia Be (7). 
While the date palm and its fruits were revered in several ancient cul tures, it is the Arab 
culture that holds it in greatest esteem. The Prophet Mohammed, Peace be upon Him, 
who l ived in a village at the centre of date culture consecrated the fruit ; they were his 
favorite food, described as ' God's Bounty' in the Koran where it is mentioned no less 
than 26 t ime . According to Islamic t radition, a date tree was said to be the 'Tree of Life' 
in the Garden of Eden and to have sheltered (in another place) and provided a rich food 
source for Mary when she was pregnant with the Prophet Jesus. (7) 
1.6. Present Situation of the UAE Date Palm Culture 
According to the archaeological and historical account of developments in the region, it is 
afe to say that the basic pattern observable in the region today, including date palm 
culture, has prevailed for the past five mil lennia. Table 3 il lustrates the archaeological 
sites where date palm was found and traced back to 3000 Be. (1) 
- 8 -
Table 3 :  Date Palm found on archaeological ites in the UAE. 
Species Location 
Date Palm (Phoenix Umm Al-Nar Tel l  Abraq Dalma 
dactyli/era) Tell -Abraq Muwailah Mleiha 
Hili AJ-Dur 
The potentialitie of a commercial date production industry in UAE were realized many 
year ago. This fact i evidenced by the recent planting of several mil l ion date trees to 
reach the level of above 40 mill ion date palms (Table 4). The gene pool is large and 
contains about 120 date cul tivars. (9) 
Table 4 :  Official Statistics from Ministry of A.griculture and Fisheries (23/11/2001). 
Nu mber of Date Trees 
Abu Dhabi Emirate 33,476,000 (*) 
Central Agricultural Region 2 837,587 
Eastern Agricultural Region 2,466,924 
Northern Agricultural Region 1,919,489 
Total 40,700,000 
(*) Of which 1 4.5 M i l l ion, are on the 800 km road in Abu Dhabi  and Al Ain. 








The annual date production in UAE has j umped from less than 6,000 Mt in 1961 to 
318,000 MT in  2001 an increase of about 5,200 percent (Table 5). The date fruit import 
has consequently dropped from 100,000 Mt (1989) to 12,000 Mt (1994). The decline 
corresponds with an increase in the country's production of 100,000 Mt over the same 
period. The export of dates has also jumped from zero (0) in 1971 to above 50,000 Mt in 
1998 with a value of US$ 15 mil l ion. The country exports its dates to India, Indonesia, 
Malaysia and Pakistan.  
- 9 -
T bl 5 I d ' t a e - n lca ors 0 f UAB D C I ate u ture 
1961 1970 
Dates Harvested Area (Ha) 550 640 
Dates Yield (KglHa) 120,000 125,000 
Dates Production (Mt) 6,000 8,000 











62,000 185,329 186,000 11,172 
51,290 40,879 40,860 -58 
318,000 757,601 760,000 5,200 
According to FAO Agri tat-Databa e (2003), the UAB date harvested area has increased 
from les than 600 hectares (ha) in 1961  to 186,000 in 2003 (Table 5). This increase in 
uperficy is about 3 1 0  times and allowed the country to be internationally classified as the 
Fourth major  producing country with 1 1 .3 percent of the world date production (2003; 
Table 1 ) .  
This l arge increase in both the harvested area and the date production in UAB is also 
clearly i l lustrated by the % change of date production per 1000 capita (Table 6). The UAB 
% change is almost 4 times and a half the value of the World (365 % change for UAB 
against only 8 1  % for the world). 
Table 6 - Date Production (MT) per 1000 cajlita. (5) 
1961 1970 1980 1990 2001 2002 2003 % Change 
1961-2002 
UAE 61 .22 35.87 50.40 70.24 1 1 9.82 283.53 284.43 365 
World 0.60 0.5 1 0.60 0.65 0.87 1 .09 1 .09 8 1  
Ratio 100 70 83 107 137 260 261 4.5 
UAE/World Times 
As already indicated in Table 2, UAB has increased its exports in the 1990s and became a 
net exporter in  1999. Table 7 presents the UAB imports / exports history since 1 970. 
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n Table  7 - UAB Import / Export History ( 1970 - 2002). ;,
Imports Exports 
Qty (MT) Val. (1000 $) Qty (MT) Val. (1000 $) 
1970 1,479 144 ° ° 
1980 3,09 1 610 2,697 774 
1990 65,000 2 1,600 57,000 15,400 
1999 isoooo 47,000 189,189 57,973 
2000 3 15, 114 57,019 222,030 60,000 
2001 3 15, 114 57,019 222,026 42,000 
2002 44,584 7,772 60,535 10,520 
1.7. UAE date production 
The United Arab Emirates i con idered one of the fastest growing date palm-producing 
countrie . The encouragement and personal d irect ion and full support of the late His 
H ighne , Sheikh Zayed Bin Sultan Al-Nahyan, Allah's mercy on His soul , and his 
H ighne s Sheikh Khalifa Bin Zayed Al-Nahyan, UAB President, and their Highnesses 
Rulers of the Emirates are of great help in the planning and execution of agricultural 
proj ects, and in  securing development programs across the country. The strategy is to 
expand the country ' s  green area with date palms, helping farmers to have additional 
income from their fruits. Increasing date production wil l  diversify and strengthen the 
country ' s  economy and promote many other i ndustries by activating related businesses, 
promoting trade in and exporting of u.A.E. dates. The major production areas are Lewa, 
Delma, Al Ain ,  Khaznah, Sweihan, EI Khatt, El Dhaid, Kalba and Khour Fakan. 
UAB has nine date packing houses and plants located in  various Emirates, with a capacity 
ranging from 200 Mt/year up to 20,000 Mt/year per unit .  They usually produce packed 
dates in different sizes, after preliminary processing and packing, and market their 
products local ly. (10) 
In  UAB, the Abu Dhabi Emirate is, by far, the largest producer of dates. There is 
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approximately 22 mil lion out of 40.7 mil lion date palms (11). A large number of these trees 
are young date palms growing on the recently e tablished farms. These palms will not 
produce significant crops for another 3 to 5 years, but when they do, UAB's production 
could match that of Saudi Arabia (11), according to FAO Agrostat database (2003) (5) . 
The date production in UAB and its continual increase are presented in Table 8. 
T bI 8 D t d r ' UAB a e : a e pro uc IOn III 
Year Area Harvested (Ha) Yield (Kg/Ha) Production (Mt) 
1990 22, 156 63,849F 141,463 
1991 22,368 77,392F 173, 110 
1992 27,926 82,504F 230,400 
1993 28 860 81,82 1F  236,135 
1994 28,860 81,809F 236,100 
1995 30,215 78,426F 236,965 
1996 3 1,005 78,905F 244,644 
1997 36,531 78,889F 288,190 
1998 59,179 49,080F 290,448 
1999 170,330 31,466F 535,964 
2000 185,330 40,878F 757,601 
2001 185,330 40,878F 757,60 1 
2002 185,329 40,879F 757,60 1 
2003 186,000 40,860F 760,000F 
F: FAO estimate, Ha: Hectare, KglHa: Kilogram per hectare, Mt: Metnc ton. 
Table  9 shows the estimates from F AO Agrostat database (2003), listing the quantities of 
dates exported and imported in UAB (5). 
T bl 9 Q a e : uantltles 0 f d  ates exporte d d' t d' UAB an lmpor e 1ll 
Year Imports (Mt) Exports (Mt) 
1 990 65,000F 57,000 
1 99 1  6 1 ,854 26,750 
1 992 53,701 23,774 
1 993 82,333 50,000F 
1 99.f 12 1 ,8 14  69,369 
1995 90,363 64,616  
1 996 222,921 1 89, 189 
1 997 1 50,000F 21 , 100 
1 998 1 00,000F 32,400 
1 999 347,961 1 1 8,340 
2000 3 15,1 1 4  222,030 
2001 3 1 5,1 1 4  222,026 
2002 44,584 60,535 
MEAN 1 5 1 ,596.85 89,009.92 
F: FAO estimate, M t: Metnc ton. 
- 1 2  -
1..8. Date Palm Propagation 
1.8.1. exual propagation (Seed propagation) 
Sexual propagation, also called seed propagation is not an acceptable method of date 
palm propagation for several reasons. Among these, half of the progeny will be males and 
half will be females with no certain way to determine, prior to flowering, the sex of the 
progeny or fruit or pollen quality. Seed-derived female plants (cal led seedlings) usually 
produce late maturing fruits of variable and generally inferior quality, compared to 
e tabli hed clonal palms. Moreover, seedlings differ considerably with regard to 
production potential, fruit quality and harvesting time, making them very difficul t  to 
market as one harvest. 
Although seed i an easy and fast method of propagation, it is not a t rue-to-type technique, 
and no two seedl ings will be al ike. Because of its diversity, it could only be usefu l  for 
breeding purposes. Taking the above into consideration, date growers are encouraged to 
use other techniques of propagation to produce large numbers of true-to-type palms of 
known cultivars with high fruit quality and marketing potential .  
1.8.2. Asexual propagation (vegetat ive propagation) 
Off hoots are mainly produced in a limited number (less than 30 trees) during the first 10  
years of the palm life .  The ability of  offshoot production depends on  the cultivar and 
environmental conditions. Although 20 to 30 offshoots are produced by a palm, only 3-4 
offshoots are suitable for planting out in one year, and these must still go into the nursery 
for additional 1 -2 years before permanent field planting. 
(11) 
Offshoot propagation offers the fol lowing advantages :  first, the plants are true-to-type to 
the parent palm, which means that the fruit produced will be of the same quality as the 
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mother palm 0 i t  en ure uniformity of  product. Second, an  off hoot plant wil l  start to 
produce fruit 2 - 3 year earlier than seedlings. 
However offshoot propagation has orne drawbacks. Among these, offshoot production 
i u uaUy limited to a relatively short vegetative phase of about 10  to 1 5  years, and only a 
limited number of off hoots are produced during thi short phase. In  addition, some 
cultivar produce offshoots more than others (some do not produce offshoots at all) . 
Moreover, the urvival rate of offshoot plantations is low, with high chances of spreading 
date palm di eases and pests. Finally, offshoot propagation is difficult and laborious, and 
therefore expen ive. 
1.8.3. Tissue culture propagation 
Plant ti sue culture techniques are commonly used to clone a wide range of plants and 
economical ly important palms, e .g., coconut, oil and date palms. For date palm tissue 
culture, two methods are commonly used, organogenesis and somatic embryogenesis. 
Date palm organogenesis uses the natural existing ability of the meristematic areas 
(meristems, axiliary buds and the base of young leaves) to produce meristematic buds (12). 
This technique gives t rue-to-type plants, given that organogenesis avoids callus 
formation and does not use excessive amounts of auxin-type growth regulators. 
Organogenesis consists of four steps; initiation of meristematic buds, fol lowed by 
multiplication, then elongation, and finally rooting. 
Somatic embryogenesis is based on cal lus production and multiplication on a medium 
containing high concentration of auxins, fol lowed by the germination and e longation of 
somatic embryos on an auxin-free medium.  When the cal lus is transferred to an 
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auxin-free medium (or to a very low auxin-containing medium), embryoid start to 
reorganize and fonn embryo (13). Success of this process is genotype independent with 
high multiplication and survival rates upon transfer to soil .  
The ti ue culture technique has many advantages (in comparIson to traditional 
propagation technique ) . Among the e, the propagation of healthy selected female 
cultivar (di ea e- and pe t-free) and males having superior pollen; large scale 
mult iplication·  no sea onal effect on plants (because they can be multiplied in the 
laboratory throughout the year); production of genetically uniform plants, ensuring an 
easy and fast exchange of plant material between different regions of a country and even 
between countries without the associated risks of spreading diseases and pests; and 
finally economic reliability when large production is needed . 
On the other hand, t issue culture has some disadvantages, mainly the appearance of 
undesired plant off-types. Plant somac1onal variants are clearly different from the mother 
plant. In general, more than 500 already published scientific articles have described the 
existence of genetic variability in plant t issue culture. ( 14) 
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II. LITERATURE REVIEW 
11.1. Abnormalit ies ob er ed in  t issue culture-derived date pal ms 
There i an increa ing demand for ti sue culture-derived date palm plants. However, one 
of the major weakne ses of rna s propagation using plant tissue culture techniques is the 
appearance of un de ired plant off-types caused by soma clonal variations. Plant 
somaclonal variants are clearly different from the mother plant . Zaid and AI- Kaabi ( 1 5), 
stated that the production of genetical ly stable plants in plant tissue culture is, therefore, 
of prime importance determining the efficient use and success of the in vitro mass 
propagation proce s. 
The name "Phenovariant' was first given in 1971  by Sibi (1 6) to describe plant off-types 
and then later in 1989, the same author ( 1 7) proposed the term "Vitro Variants" and "vitro 
Variations' as new general and practical terms for these types of variations. The term 
"Somaclonal Variation" was proposed by Larkin and Scowcroft (18), and is commonly 
used u nti l  now. 
As reported by Pierik ( 19), and Zaid et al  (20),  soma clonal variations can be either 
epigenetic or genetic : the epigenetic variation is physiological (non-hereditary) while the 
genetic variation affects the plant genome (hereditary variation). A heritable change 
appearing in an individual plant can be the result of a change in the structure of a gene 
(gene  mutation), changes in the structure of chromosomes (chromosomes mutation), or in 
the number of chromosomes (genome mutation). 
About 150 different plant species have exhibited this variation phenomenon ( 19), and these 
variations were also reported in date palm (2 1 ) .  The factors responsible for these variations 
. . I (22) Th . .  in t issue culture-derived plants were I l lustrated by McCubbm et a . ese vanatlOns 
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were attributed to the techn iques used especially those that go through callu formation 
uch a embryogenesis, the genetic instability of the mother plant including chimeras· the 
type and concentration of growth regulators used in the medium, the type of explants 
(becau e a pos ible ploidy gradient might exist from the apex down to the roots), the 
number of in vitro subcultures that may disrupt the normal hormone metabolism of 
cult ivated cell , the composition of the nutrient media, and the cultural conditions applied 
such a cultu re on solid or l iquid medium. 
A a resul t  of using somatic embryogenesis, genetic variations were found in  many plant 
pecies including palms (23) . Furthermore, Zaid (24) detected intraspecific variation for 
several Arecaceae specie . Regenerated callus of oil palms ( 1 9) and date palm (25) have 
shown morphogenic and genetic heterogeneity. Moreover, three different types of oil 
palm abnormal developments have been observed, two of which concerned the sex of 
flowers (22, 26) .  Other importan t variations included the production of albino plants (27) . 
The abnormalities found, so far, in t issue cul ture-derived date palms include: morphology 
and structure changes, excessive vegetative growth, leaf variegation structure, dwarfism, 
leaf whitening, production of bastard off-shoots, delayed flowering time, fertil ization 
fai lure, as well as the formation of-seedless fruits and finally higher susceptibility to 
d iseases such as black scorch. ( 15) 
The main reasons for abnormalities produced with somatic embryogenesis are stated by 
Zaid and Al-Kaabi .  ( 1 5) The use of cal lus phase, because the cal lus is a group of 
non-organ ized and non-differentiated cel ls in  which cytological abnormalities are often 
observed, and the use of 2,4-dichlorophenoxy acet ic acid (2,4-D) for callus init iation. 
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Thi compound is mutagenic and very potent with auxin activity, and might cause 
unde liable feature on cultured callus such as loss of differentiation ability with 
prolonged subculture , chromosomal aberrations, mutations and endo-reduplication 
re ulting in polyploidy and po sibly si ter chromatid exchange. (30, 3 1) Moreover, 2,4-D is 
not broken down, and i continuously recycled by the plant. It has also been found that the 
2 4-D effect is both cumulative and persistent. (28) 
Re earcher use 2,4-D in a high concentrations during the initiation phase of 
embryogene is with or without other auxins and cytokinins in the medium. This induces 
callu and embryo development, which in turn al lows for mass production of date palm 
plantlets. Moreo er, Corniquel and Mercier (29) reported a certain degree of genetic 
variation, by using the RFLP analysis, between date palm offshoots and cal lus derived 
from these offshoots. The frequency with which these variants arise is dependent on 
several variables, which include the explant source, the use of certain plant hormones, 
and the numbers of subculture carried out. (30) 
It was also demonstrated that the occurrence of abnormalities seemingly depends on plant 
producers and their respective production selection processes (32) . For example, 
abnormalities at a rate of up to 63% and 100% were observed in Medjool cultivars in two 
date palm nurseries containing 2000 and 1000 hardened in vitro plants, respectively (32). 
I n  contrast, a new orchard in Namibia contained only 5% of Medjool plants with 
abnormal characteristics. (32) 
II .1. I .  Excessive and Abnormal Vegetative Growth 
Excessive vegetative growth, one of the major abnormalities, was reported by Zaid and 
Arias (21), who found only two plants showing this abnormality out of 2000 surveyed 
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, "Barhee"" palm derived from somatic embryogene is (a rat io of 0. 1 %). In  contrast, 
McCubbin et at (22) found a much higher rat io of 1 .4% in a survey carried out in South 
Africa on the Medjool cultivar. Medjool plants with broader leaves and a different spine 
structure were cattered in a date palm orchard in which planted medjool plants originated 
from three eparate ti ue culture laboratories u ing somatic embryogenesis technique. 
Al 0, abnormal itie in leave and spikelet in Sukkari date palm (ranged around 26 %) 
were reported by Al-Wasel (33) such as twisted leaves with abnormal shape and curving 
and zigzagging, spikelets. 
I I . l .2 .  Dwarfism 
Dwarfi m is an abnormality in which the date palm plants' vegetative growth is restricted, 
and weakened and negatively affects offshoot production. It was also reported that dwarf 
date palm derived from tissue culture never flower and bear fruits. ( 14) Dwarfism might be 
early detected early in the nursery before transplanting to the permanent field .  Dwarf date 
palm plants may be less than one meter in height, while normal date palm plants of the 
arne age reach an average of three meters. The incidence of dwarfism might vary from 
zero to 30 % depending on the cultivar. (33, 34) Al- Wasel (33) documented the occurrence of 
dwarfism in many tissue culture-derived date palm cultivars such as "Ajoua". Zaid and 
Al-Kaabi (32) reported the dwarfism problem in many date palm cultivars produced 
through tissue culture such as Sukkari, "Barhee", "Sultana" and "Oum Dahn". In  this 
respect, "Sukkari" was the most affected by dwarfism among the studied cul tivars. In one 
orchard , 20 dwarf trees were found among 50 "Sukkari" plants (40%) while at another 
orchard, 15 plants out of 42 were affected by dwarfism (35%). Plants of the cul tivars 
"Barhee" and "Sul tana" were l ess affected. Only 17 out of 300 "Barhee" plants showed 
dwarfism in one survey (5.6%) and only 2 out of 200 "Sultana" plants showed dwarfism 
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( 1  %). ehohen, Y. et ai, (35) detected this abnormality in about 8,000 of planted young 
"Medjool" trees planted in Israel . The root ystem and the meristematic area of a dwarf 
tree (c. "Qum Dahn") seemed normal and no pathological symptoms were found. (30) 
II . I .3. Leaf  Whitening 
The occurrence of leaf whitening is rather rare in date palm cultivation. ( 15) This 
abnormality is due to a part ial or total los of chlorophyl l  in the affected leaves (usually 
2-4 white leaves per tree). This abnormality might not have an economic value since the 
affected tree might grow and produce normal leaves (Zaid and Al-Kaabi) . ( 15) 
I I . 1 .4. Bastard Offshoots 
The formation of bastard offshoots is another important abnormality that was described 
by Zaid and Arias. (2 1) They suggested the infestation of the date palm bud with mites 
(Makiella phoenicis K) or the reduction in growth regulators accumulated during in vitro 
propagation as the possible cause of this phenomenon. 
1 1.1.5. Delayed Flowering Time 
Delayed flowering time was also reported by Zaid and Al-Kaabi ( 1 5) as an abnormality in 
tis ue culture-derived date palm plants. In  an orchard of "Barhee" date palm tress (about 
2420 plants) derived from somatic embryogenesis, it took more than 7 years for the trees 
to reach the floral stage . 
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11.1.6. Ferti l ization Fai lure (Fruit set fai lure) 
Fertil ization fai lure and very low fruit et are al 0 two major problems a sociated with 
ti ue culture-deri ed date palm plants using somatic embryogenesis as the technique of 
micropropagation, e pecial ly in "Barhee" cullivar. Such abnormality was found in many 
orchard around the world, including Saudi Arabia, South Africa, Namibia and UAB (22, 
36). According to Djerbi '  observations (37), ferti lization fai lure was found in more than 
100,000 date palm tree planted in the early and mid- 1 990's. All pollinated bunches 
howed 80 to 1 00 % parthenocarpic fruits and sometimes the development of more than 3 
carpels. I n  an investigation done by Cohen, Y. e t  a L  (38) a survey included 4,000 tree 
propagated by ti sue culture, about 2,000 (50 %) showed parthenocarpic fruits. In another 
inve tigation by the arne author (39) , 1 ,500 tree out of 3,500 tissue culture originated 
"Barhee ' trees produced parthenocarpic fruits. This abnormal fru it set is more clear in the 
date palm plants reproduced by the embryogenesis technique. Cohen, Y. et a l ,  (38) did 
not detect any specific DNA molecular variation in  trees producing parthenocarpic frui t .  
However, they mentioned that trees showing this abnormality were characterized by 
changes in  their methylation patterns, precisely a decrease in the DNA methylation 
pattern. 
Varughese (40) also reported abnormalities in in vitro date palm plants in their fruiting 
ability and fruit characteristics; e .g. variations in fruit set percentage and abnormal fruit 
. V h (40) . d sIze and shape, as compared to that of offshoots of the same culture .  arug ese raIse 
the possibilities that abnormalities of in vitro plants could be due to the t issue culture 
procedure or other physiological factors. He supported the conclusion that abnormalit ies 
might be temporary since, in many cases, poor fertil ity was noticed in date palm t issue 
culture plants only in the first few years of fruiting. 
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I I . I .7.  Leaf Variegation 
The affected date palm leaves show a cream-colored strip running parallel to the l eaf 
margin. The variegation occurs on all leaves, but in different forms of strips, some wider 
than other . orne pinnae and leaf petiole were devoid of chlorophyll (albino) or 
ariegated where green ti ue were adjacent to albino tissues. This abnormality existed 
in 1- 2 % in orne date palm cultivars (41). Cohen, Y. et al ,  (38) detected this abnormality 
in about 3 % of orne date palm plantations in Israel ,  but this variegation did not exceed 
several leaflet and normal fruits were produced by such trees. 
I I . I .S. Vitri fication 
In vitro vitrification is another abnormality. Bougonfaoui and Zaid (42) studied the effect 
of ammonia on the occurrence of the vitrification phenomenon in t issue culture-produced 
date palm plants. This phenomenon was considered a handicap for successful in vitro 
multiplication of some date palm cultivars and selected clones. In order to overcome this 
problem, different ammonia / total nitrogen ratios were tested.  It was found that high 
level of ammonium nitrate enhanced rapid growth, and consequently tissue vitrification 
(46 to 53 % of cultures), while this phenomenon was reduced to 1 4  to 1 9  % in media with 
low level of ammonium nitrate. 
I I . I .9. Fruit Physical Characteristics 
To make a more in-depth analysis of the problem of in vitro abnormalities, Al-Ghamdi (43) 
examined the difference between tissue culture date palm and offshoots with regard to 
frui t  physical characteristics of the cultivars "Deglet Noor", "Medjool", "Zahdi" and 
"Thoory". The physical fruit characteristics of length,  diameter, circumference, shape, 
volume color and hardiness of seeds and flesh, as well as fruit/dimension ratio and , , 
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eed/fle h ratio at both Kemri, Bisr, Ruthab and Tamar stages were similar in  tissue 
cul ture-derived trees or better than those obtained from trees propagated by the 
conventional off hoots method. 
1 1 . 1 . 10. Fruit  Chemical Characteri tic 
The difference in chemical propertie between date fruits of offshoots and those of tissue 
culture-derived date palm of the same cultivars were invest igated by Al-Ghamdi and 
Al-Kahatani (-t-t). Five cultivars namely, "Deglet Noor ', 'Medjool", ' Zahdi", "Thoory" 
and "Bou Sthamni' were studied. The characteristics investigated included moisture, dry 
matter soluble olid , insoluble solid , total solids, Brix value, protein content, ash, pH, 
titratable acidity, pigment concentration, color, tannin and fiber. The comparison of fruit 
chemical propert ies of the cultivars propagated through tissue culture, and of the same 
cultivars propagated through conventional methods showed similarity in most of the 
chemical properties. 
Also, Al-Ghamdi and Al-Kahatani (45) determined the fruit mineral content of "Deglet 
Noor", "Medjool", "Zahdi '  , "Thoory" and "Bou Sthamni". The fruit samples were 
analyzed for 13 d ifferent mineral elements. The comparison of fruit mineral content of 
t he cul tivars propagated through tissue culture and that of the same cultivars propagated 
through the conventional method showed no significant difference in most of the 
minerals. However, fruits of the tis ue culture-propagated palms tended to have h igher 
potassium and sodium content than those of date palms propagated by offshoots. 
Changes in fruit chemical content were also examined by Al-Wasel (46) who found that 
"Barhee" dates derived from tissue cul ture were devoid of reducing sugars that cou ld 
affect fru it quality. Further support to chemical changes in  dates derived from somatic 
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embryogenesi wa indicated by Booj et al (47) who found some variation in sugars and 
amino acid in ' Deglet Noor" cul tivar. 
II .2.  Abnormal i t ie obser ed in tissue culture-derived plants other than date palm 
Although vegetative propagation i supposed to produce genetically identical plants, 
ariation have been reported in many vitro plants as those found in rice (48, 49) , wheat (SO, 
5 1 , 52) barley (53), maize (54) ; soybean (55) , potato (56, 57, 58), sugar cane (59), garlic (
60), banana 
(61 62 63) b (64) d ' l I (65 66) . , , , traw erry , an 01 pa ms ' . Many studles reported the effect of 2,4-D, 
e pecially at high concentration, on inducing genetic mutation in sugar beet (67) and in 
potato(73). I t  was also found that benzyl-adenine (BA) at 5 - 10  mM induced genetic 
variation in tobacco (67) . Proliferation rate also affected the incidence of mutations in 
omatic embryogenesis. In pineapple, higher rate of mutations was found when the 
prolife ration rate was 30-50 plants/month, while this rate was markedly reduced to 5% 
on ly  when the  prol iferation rate was 4 plants/month. In  an  attempt to  avoid abnormalities, 
the micropropagation medium of Telopea speciosissima R. (The Watarah) was modified 
(68) in 1 1  selected mature clones using axillary bud explant (nine with red flowers, one 
with pink, and one with white flowers). The majority of clones produced the most suitable 
prol ife ration culture was with 1 .25 M BA and 1 .0 M GA3 without the occurrence of 
abnormalities. 
The ource u ed for somatic embryogenesis in Cucurbitaceae in relation to the 
occurrence of abnormal ities was addressed in a study by Debeaujon and Branchard (70). 
Somatic embryogenesis and plant recovery were obtained from numerous sources 
including protoplasts. Somatic embryos can exhibit developmental abnormalities, 
particularly when they arise form protoplast-derived cultures. 
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III. OBJECTIVES 
Objecti e of the tudy 
The aims of the pre ent study are to:  
• Identify and de cribe exi ting abnormalities that are actually found In t issue 
culture-derived date palms. 
• Asse the occurrence of some physiological and morphological abnormalities in 
the already planted date palm tissue culture derived plants under the UAE 
condition . 
• Provide a clear answer to the true-to-typeness and efficiency of the in vitro 
techniques that are commercially used to propagate date palm (e.g. 
organogenesi and asexual embryogenesis). 
The expected outcomes of this study will have a great impact on the credibil ity of t issue 
culture technique(s) used to propagate date palm. 
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IV. MATERIALS & METHODS 
IV. l .  Assessment of Morphological Abnormalit ies i n  Tissue Culture­
Derived Date Palms 
Thi tudy wa conducted via designing a survey form. Thi form was distributed and 
fi l led in by 650 palm farm throughout the UAE. The survey covers most of the 
abnormal ities observed in the cultivated tissue culture-derived date palms by the 
different techniques including organogenesis, indirect asexual embryogenesis (AE/A) , 
and direct a exual embryogenesis (AEIB). 
Table 10 shows the survey form used 1 0  this study. I t  covers a wide range of 
information that could serve as a basis for building a database for morphological 
abnormal i ties of t issue culture-derived date palms. The survey form included 
information about ownership of the farm, region, year of plantation, planted cultivars, 
date and source of planted cultivars, and any observed abnormalities in the planted date 
palms. 
Fi e important date cultivars were used 10 this study: "Khlass ' , "Barhee", "Nabtet 
Seif', "Sultana" and ' Sukkari". 
- 29 -
T a b l c  1 u n  c fo rm u ed in data  co l lection 
l\Ia tcr o f , cience Progra m in Envi ronmental  cicnce (:J 
Thc i title: " M o rphologica l  and Ph iological A bnorm alitie in 
Ti ue Culture- Derived Date Pa l m  ( Phoenix dacf) /ifera L. )  Plant ." 
Survey Form - Tissue Cultu re- Derived Date Palms 
- Date 
- Region 
- Di trict 
- Fa r m  ref. · 
- Farm owner's name · 
- Num ber of date palm vitro plants planted per cultiva r :  
I Cultiv a r  I Num be r  of trees I I I 
- Date of reception · · 
- Date of field planting 
- Age at planting · 
- G row th and development patterns: 
- Morphological abnormalitie and respective ratios: 
C u i t i var Number of Source 
trees 
• Abnormal morphology and structure 
• Delay in  flowering 
• Scarcity in  flowering 
• Fert i l ization fai lure 
• Uneven ripening 
• Dwarfism 
• Excessive vegetative growth 
• Leaf whiten 109 
• Leaf vanegation 
• Bastard off hoots 
• Others (specify)  
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I 
Abnonnal i ty 
rat io 
I 
IV.2. Fertilization Fail ure and M u lti-carpel Assessment 
The occurrence of fruit set failure was studied in  several orchards distributed over the 
country, ranging from the eastern to the northern and middle regions. The experiment 
was conducted twice on two cultivar , ' Khlass" and "Barhee' . All the date palm trees 
considered in thi experiment were pollinated manually and the farmer performs the 
proce of poll ination u ing different males. 
I V.2. 1 .  Methodology of the experiment 
Fruit set percentage was compared between :  offshoots, organogenesis, indirect asexual 
embryogenesis (AE/A) and d irect asexual embryogenesis (AE/B).  In the indirect 
method, also called secondary embryogenesis, the explant goes to a callus stage, 
fol lowed by e mbryo formation then the embryos are allowed to multipl icate. These 
mult i  plica ted embryos grow into individual plants. In the d irect asexual embryogenesis 
method, embryos initiate directly from the explant, which are subsequently grown into 
individual plants. 
From each propagation source, except the organogenesis source, trees of 3 different 
ages were chosen, with 5 palm trees for each age randomly selected from each cultivar 
(" Khlass" and "Barhee"). For the organogenesis source, only 5 palm trees were 
examined for each cultivar, because of the l imited number of palms of the same age. 
The total number of palm trees examined was 1 00 for both "Khlass" and "Barhee" 
cultivars. In each palm tree, three healthy and representative bunches were chosen, and 
the number of spikelets was counted as well as the number of flowers. Consequently, 
the percentage of frui t  set was determined. No statistical analysis was performed for the 
multicarpel assessment experiment .  
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I .3 .  Ident i ficat ion of  abnormalit ie o f  in vitro produced date palm 
dur ing the accl imat izat i on per i od. 
This  part of the Jnve l i gat ion \.'v a  c nducted at the Date Pal m  Re earch and 
D '. e lopment Lmt of the AE ni ver i t  . F igure J i l l u  trate the three different tage 
in the hardening proce : P I ,  P2,  and VP3 where V P  tand for Vitro P l ant. 
The ident ification o f  abnormal i t ies wa conducted on e eral cul t ivars i nc luding 
"Kbla ", " amee h i", " Khanezi",  "LuI " , "KJ1adrawi", " agaai", "Maktoumi", "Jesh 
RamI i". The � "itro P lant tage ( V P )  i nvest igated in the present tudy were V P2 and 
P 3 .  
Figure 1 :  Plantlets of " K h l a  s "  c u l t ivar a t  d i fferent stages o f  V P  1 ,  V P 2 ,  and V P 3  
from right to left respectively. 
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IV.4. Histological Characterization 
Thi experiment wa conducted to examine the histological structure of apical 
meri tern in both abnormal and normal plants. 
• About 60 plantlet of the cult ivar "Khlas ' at the VP2 stage were used; 30 were 
normal and 30 were abnormal for apical meristems. 
• All the plantlet were cleaned thoroughly and washed, then the leaves and roots 
were cut and only the crown was left. 
• The solutions used in kil l ing of cells and dehydration and infil tration were 
prepared and the fol lowing procedure was used. 
IV.4. I .  Kill ing and preservation of cell contents 
The formula used for kil l ing consisted of ingredients in such proportions that there was 
a balance between the respective shrinking and swel l ing actions of the ingredients 
themselves. One of the most usefu l  kil l ing and preserving fluids is known as (FAA)­
Formalin Acetic Acid ( 50 % EtOH, 5 % GAA, 1 0  % formalin and 35 % H20) . 
Table 11 : Composition of FAA. 
Ethyl Alcohol (EtOH) 50 cc 
Glacial acetic acid (GAA) 5 cc 
Formaldehyde (37-40 %) 10  cc 
Water 35 cc 
Pieces of thin l eaf material were killed and hardened in about 12 hours. 
IV.4.2. Dehydration of samples 
The removal of water is a preliminary step for infi ltration of the specimen into a matrix 
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that is not soluble in water. Complete removal of water ensures adhesion of the matrix 
to both the external and internal surfaces of cell and t issues. The process consists of 
t reating the ti ue with a eries of solut ions, which contain an increasing proportion of 
the dehydrating agent and progre sively less water (Table 12). Tertiary butyl Alcohol 
(TBA) was u ed in the experiment for dehydrating the specimens. 
Table 1 2 :  The TBA series 
Sol. 95 % ethyl alcohol Absolute ethyl alcohol TBA Water Paraffin oil 
1 50 0 1 0  40 0 
2 50 0 25 25 0 
3 50 0 35 1 5  0 
4 50 0 50 0 0 
5 0 25 75 0 0 
6 0 0 50 0 50 
7 0 0 10  0 90 
IVA.3. Infiltration with paraffi n  
After dehydration, the samples were t reated with 50 % l iquid paraffin, 50  % wax, then 
paraffin wax only. The tissue was then infiltrated with paraffin wax in  an embedding 
oven .  The wax effectively supported the tissues. Infiltration consists of dissolving the 
wax in the solvent containing the t issues followed by gradual ly increasing the 
concentration of the wax and decreasing the concentration of the solvent. 
Impregnation with wax : Specimen tubes were half-fi lled with melted paraffin wax and 
left unti l  the top solidified. The specimen was poured onto the wax . The specimen vial 
was placed in  the embedding oven, and sink to the bottom of the vial as the wax melted. 
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After at least one hour the wax-liquid paraffin mixture was decanted into the container 
and replaced by pure wax. I t  was then left in the oven for an adequate time, to drive off 
any remaining olvents. 
IVAA.Operation of the Microtome 
Paraffin ections either in the form of a ribbon or as single sections were first obtained 
by operating the microtome at an adequate speed (manual operation). Then the plant 
t i  ue slides were fastened to a glass slide wi th a suitable adhesive. 
The slide obtained were then examined microscopically (magnification power 400 
t imes) and the images obtained clearly showed the difference between the normal and 
abnormal plantlets. 
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I V.S.  Physica l a n d  Chemical  Characterization of Date Pal m  Fruits 
Fru it phy ical and chemical quality was determined in fruit samples harvested from 
t i  ue culture and offshoot-derived t rees of both ' Khlass' and "Barhee" cult ivars. All 
the date palm trees investigated in th is  experiment were growing in the same orchard. 
Four propagation techniques a sources of plants were selected :  offshoots, 
organogene is, a exual embryogenesis AE/A and AE/B. Five t rees from each source 
were examined and th is was repeated twice giving a total of 10 trees / source. Two 
different ages were selected:  three and five-year old. From each tree, 20 random fruits 
were elected .  The fruits were collected in "Rutab" stage. The number of these fruits 
was counted, they were dried and the dry matter obtained was ground, and analysis of 
macro-and microelements as well as other analyses were performed fol lowing the 
procedure given below. 
IV.S . l .  M oisture percentage determination 
First the frui t  sample was weighed (fresh weight), dried at l OSoe, then the dried 
sample was weighed again (dry weight) . The percentage of dry weight was then 
calculated. 
IV.S.2. Quantitat ive determination of  different elements 
a .  Sample preparation: 
Frui t  was washed thoroughly with tap water then with distilled water and dried 
at 70°C. The sample was then ground, sieved (0.5 mm) and held in  a t ight bottle. 
b .  Quantitative analysis using a spectrophotometer 
1 .25 gm of d ry material was mixed with 25 ml solution of Nitric acid : Perchloric acid : 
Sulfuric acid (8 : 1 : 1 )  in  a 1 00 ml  conical flask. The whole blend was digested on a 
hot plate unti l  5 ml  volume was remaining. Distilled water was then added to make the 
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final volume 50 ml .  The solution was then fi ltered through a Wattman fi lter paper 
No.42 and the fi l trate was analyzed. 
A blank olution wa prepared with the same steps except addition of the plant extract, 
while the standard solutions were prepared according to the following: 1 000 ppm from 
each element was prepared and diluted to 0.25, 0.5, 1 ,  2, 4, and 8 ppm for use in the 
development of calibration curve.  The sample to analyze was then read and the 
concentration was calculated based on the cal ibration curve. Macroelements were 
expressed as percentage of dry weight due to their high concentration while 
microelements were ex pres ed as ppm. 
V.S.3. Poin ts of consideration on statist ical analysis 
In order to examine the results of the fruit analysis implemented, and to determine 
whether date palm propagation through tissue culture results in significant differences 
when compared to t raditional propagating techniques, a statistical analysis was 
performed and a statistical analysis software "Costat" was selected. Tables from 40 to 
47 were statistically  analyzed using CostaL The analytical test used was "One Way 
ANOV A" because we were investigating one main factor, i .e .  the difference that may 
result between different propagation techniques. A significant level of 0 .05 was chosen 
to ascertain our deductions. The statistical analysis was performed horizontally only and 
not vertically, 1. e .  the different propagation techniques were compared and not the 
results obtained for each propagation source. 
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v. RESULTS & DISCUSSION 
V . l . Assessment of Morphological Abnormalities in Tissue Culture­
Derived Palms 
The total number of  palm trees invest igated in this study was a bout 89,362. The 
number of palm tree asses ed for each technique of propagation is shown in table 13 .  
Table 1 3 :  Number of  palm investigated according to  the propagation technique used to 
produce them. 
Off hoots Organogenesis (*) Embryogenesis A Embryogenesis B 
6 1 72 375 66443 1 6372 
(*)  OrganogenesIs matenal was scarce and only the ones proVided by the UAE UniverSity were used. 
Collected data showed that t issue culture-derived cultivars have been mass cultured 
since 1 998 and were planted evenly among the various regions of the country. Age of 
these palm trees ranged from one to seven years. The number of trees d istributed by the 
Ministry of Agriculture and Fisheries (MAP) during 1998 to 2004 is shown in Table 1 4. 
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Table 1 4 :  Number of date palm t issue culture-derived plants distributed by MAP. Ca) 
Year Cult ivar Number of t rees/cul tivar Total 
"Khlass" 2,500 
1 998 4,5 13  
"Barhee" 2,013  
"Kh lass" 5 250 






200 1 34,500 
"Barhee" 7,500 
"Khlass" 3 1 ,980 
"Nabtet Seif 1 ,300 
"Sukkari" 1 ,300 
2002 38,480 
"Maj houl" 1 ,300 
"Sagaai" 1 ,300 
Males 1 ,300 
"Kh lass" 30,000 
"Sultana" 3,000 
"Shishi" 3,500 
2003 "Nabtet Seif' 3,500 50,500 
"Sukkari" 3,500 
"Maj houl" 3,500 
Males 3,500 





(*) Source : MAP (2004). 
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V. 1 . 1 . Abnormal Morphology and Structure 
The urvey result regarding problems of abnormal morphology and structure are 
presented in Table 15 .  The first observation is that none of the offshoots of the five 
tudied culti ar showed any abnormality. Similar re ults were obtained with plants 
derived from Organogenesis of "Nabtet Seif' and 'Sultana ' .  However, al l  cult ivars 
(' Khla s" ' Barhee" "Nabtet Seif', "Sultana" and "Sukkari") propagated by asexual 
embryogenesis technique showed this abnormality regardless of the type of 
embryogenesis technique used (AE/A or AEIB). For the "Khlass" cultivar, a ratio of 
abnormality of 0 .31 % and 0.36 % was obtained for (AE/A) and (AEIB), respectively. 
Lower ratios were obtained for "Barhee" cultivar and were 0. 1 1  and 0. 1 4  % for (AE/A) 
and (AEIB) , respectively. The h ighest level of abnormality occurred in  "Sukkari" 
cult ivar (0.42 % and 0.36 %, for (AE/A and AEIB) respectively). 
Taking the above results into account, i t  is clear that asexual embryogenesis-derived 
plants showed the abnormal morphology and structure. The affected cultivars showed 
an abnormality average of about 0.33 %, 0. 1 2  % and 0.39 % for "Khlass", "Barhee" and 
"Sukkari" ,  respectively .  No significant difference was found between the two 
techniques of asexual embryogenesis (AE/A and AEIB). In all studied cases, the 
occurrence of abnormality was very low and did not exceed 0.5% (Fig. 2) .  
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T a b l e  1 5 :  A b n o r m a l  m o r p h o l og\ a n d  s t r u c t u re ( 2 00.t). 
u l t h  ar  t )  pc Propagation Total " umber of 
technique cul t i \ ated plants 
orc hoot 
OrganogenesIs 
" K h la  " F 
A E  B 
O rf ho t 
Organ gene I 
" Ba rhcc" 
A E A 
A E  B 
OrCh t 
Organ gen e  IS 
" � abt c t c i P' 
A E A 
AE B 
O ff hoot 
Organogenesi 
" u l tana" 




" ukkari" AEfA 
A E B 
AE A :  Indirect asexual embryogenesIs 
AE B :  Direct asexual  embryogenesis 
- -: 0 trees available 
2297 
-
2R I 77 







































bn rmal i ty 







0. 1 1  













Figure 2 :  Abnormal morphology and structure ob erved i n  a t i ssue cul ture-derived date 
pal m tree, ( indirect a exual embryogenes is ,  A E/A) 
P lanted in 1 999, A I -Fuja irah region .  
- 42 -
The features observed in young tissue culture-derived date palms displaying an 
abnormal morphology and structure were the fol lowing: 
1) Absence of an onion (or pear-l ike) basis, 
2) Thin stem with leave j uvenile and weak, 
3) Abnormal date palm phytholaxy, 
4) Weak root system with less than three to four thin roots per plant. 
Figure 2 represents abnormal morphological and structural features of a date palm tree 
growing in an orchard at Al-Fujairah region .  Basal leaves are touching the soil 
indicating j uvenile and weak leaves, the leaf rachis is flaccid and the trunk is very short. 
These results are in agreement with Zaid and Al-Kaabi (IS) who reported that the 
occurrence of abnormal morphology and structure in  date palm depend on the used 
t issue culture technique. Such abnormalities were also detected Al-Wassel (47) , who 
reported abnormal leaf shape and leaf bending in tissue culture-propagated "Barhee" 
date palm trees. Also, Al-Ghamdi (74) detected in cultivars "Khenezi", "Lulu", "Najal", 
, Barhee" and "Khissab" regenerated by the embryogenesis technique, variations in  leaf 
shape and prolonged juvenile phase. 
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V . 1 .2. Delayed flowering time and scarci ty in  flowering 
The delay in  flowering age a influenced by the method of propagation is shown in 
Table 16 in  five commercial date palm cult ivars. Continuation of the vegetative growth 
of the tree to longer period results in delayed flower induction. In the meantime, 
abnormal morphological and tructural features of the tree might not necessarily be 
related to the endogenous hormonal status that leads to flower induction (ondogenetic 
age) as was the case with the ' Sukkari" cultivar in  this study. Zaid and Al-Kaabi ( 1 5) 
reported that "Barhee" trees derived from somatic embryogenesis took more than 7 
years to reach the floral stage. In  other cases, the j uvenile phase of date palm might last 
up to 1 0  years (75) . Also, environmental conditions and cultural practices might cause a 
delay i n  flowering time and generally prolong the j uvenile phase. 
Although t issue culture-derived plants are generally faster in  growth compared to 
offshoots, there is i ncreasing concern about the possible delay i n  its flowering age. It is 
worth mentioning that normal flowering age of date palm t issue culture-derived plants 
in both organogenesis and embryogenesis is about four to five years after field planting, 
depending on the cultivars, and also on the cultural pract ices, and env ironmental 
condit ions. Delay in  flowering was observed in  the asexual embryogenesis-propagated 
plants of only "Barhee" cultivar (Table 1 6) .  
Table 1 6  shows that 318 date palms out  of 37,550 planted "Barhee" trees showed this 
phenomenon (a ratio of 0.85 %). This phenomenon is behind the delay of normal 
flowering for 2 to 3 years, in comparison to the normal plants. This delay in flowering 
concerns only the plants derived from the indirect asexual embryogenesis. None of the 
four other studied cult ivars showed this abnormality. None of the organogenesis plants 
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of the five cu ltivars, a well as the direct asexual embryogenesis (AE/B) showed such 
abnormality. 
T bl 16 Th a e : e occurrence 0 f D  I . fl e ay In  owering (2004). 
Cult ivar type Propagation Total Number of 


























AE/A: Induect asexual embryogenesIs 
AE/B: Direct asexual embryogenesis 

































































Sometimes, even if flowering was normal (appearing either on the fourth or the fifth 
year after field planting), the frequency of flowering, as well as the number of the 
flower bunches produced are low. This scarcity on flowering is presented in  Table  17, 
which i l lustrates that only plants derived from asexual embryogenesis of " Khlass" and 
"Barhee" cultivars showed such abnormali ty .  For "Barhee" cultivar, this abnormality 
was equally observed for both indirect and d irect embryogenesis (AE/A and AE/B) with 
about 0. 1 % for each. However, the (AE/B) of "Khlass" cultivar showed a ratio four 
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t imes higher than (AE/A) (4.41 % again t 1 .06%). But here again (with the exception of 
AE/B of 'Khla ' ) thi  scarcity of flowering was very low, and less than 1 percent. It is 
worth mentioning that none of the offshoots, nor the organogenesis-produced trees of 
the five cultivar howed this abnormality.  
T bi 1 7  S a e : . fl carclty ID ( owenng 2004). 
Cult ivar type Propagation Total Number of 


























AE/A: Indirect asexual embryogenesis 
AEIE: Direct asexual embryogenesis 
--: No trees ava ilable 
2297 
--


















Number of Abnormality 
Abnormal plants (%) 
0 0 
-- --
299 1 .06 
3 18 4 .41  
0 0 
-- --
37 0. 1 













Little effect was found on this character where "Khlass" and "Barhee" derived from 
e mbryogenesis technique showed this abnormality. "Barhee" plants, however, have a 
lower percentage of flowering scarcity than "Khlass' . In spite of that result, offshoot as 
a means of propagation in both cultivars did not result in any scarcity in  flowering. The 
highest percentage of such scarcity was obtained with "Khlass" date palm derived from 
direct asexual embryogenesis of source AE/B (4.41 %). However, the incidence of that 
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abnormality was not high where it ranged between zero to a lmost 1 %. This finding was 
in agreement with Al-Ghamdi and Al-Kahtani (77) who found that the number of 
bunche per t ree ranged from 4.93% in "Deglet Noor' to 2.53% in ' Mejdool", and this 
trait varied between season in both cultivars. The lowest values were recorded in 1988 
(0.26%) and ( 1 .29%) in  "Mejdool and "Deglet Noor", respectively, while maximum 
value were recorded in 1991 for "Deglet Noor" ( 1 1 .06%) and in  1 990 for "Medjool" 
(4.79%). 
V. 1 .3.  Ferti l ization fai lure, abnormal fruit ing and uneven frui t  ripening 
Fert i l ization failure is defined in the present study as none of the female flowers being 
seted or when a very low fruit set was obtained. None or low fruit set were reported as 
the major abnormality in  somatic embryogenesis-derived "Barhee" and "Khlass" date 
palms. This failure has been observed in  several "Barhee" date palm orchards around 
the date palm world producing countries Figure 3 i l lustrates such abnormality in both 
date cul tivars. 
The data in Table 18 indicate that in the five studied cultivars "Khlass", "Barhee", 
"Nabtet Sief', "Sultana" and "Sukkari", this fai lure did not occur in  date palm trees 
derived from either offshoot (traditional method) or organogenesis. All planted 
offshoots, and organogenesis-derived material showed normal fruit set, in more than 
6,000 offshoots and 375 organogenesis-derived plants of the studied cultivars. 
However, asexual embryogenesis-derived date palms of both "Khlass" and "Barhee" 
cult ivars showed frequent abnormali ty .  In  the "Khlass" cultivar, 52 plants out of 28, 1 77 
derived from indirect embryogenesis (AE/A) showed fruit set abnormality (0. 1 8  %). 
However, this ratio was about 20 times h igher in the case of plants derived from direct 
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cmbryogcnc i s  E B ( 3 99 plant out of 7,2 1 6 : - .  -2  ° 0 ) . In  the ca  e of "Barhee", on ly  
2 . 7  ° 0  { Table 1 ) .  
Figure 3:  Fert i l ization fai l ure observed in :  
) bowed thi abnormal i ty at a rate of 
A. 5-year old "Barhee" date palm tree derived from d irect asexual 
embryogenesis ( A E/ A )  and planted in  Al  Dhaid area / centra l  region; 
B. 4-year o ld "Khlass" date palm tree derived from ( AEIB ) ;  
C. ormal 5-year o l d  " Barhee ' tree derived from ( A E/B )  technique. 
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In addition to fruit set fai lure, there are sometimes an other abnormality that affects, e.g. 
low y ield or une en ripening. The ripening of fruits within one bunch sometimes tokes 
more than 6 weeks. This abnormality was also as essed in the five date palm studied 
cultivar (Table  1 9) .  Result showed that only "Khlass" cultivar showed this uneven 
npenmg of fruits with both indirect and d irect embryogenesis techniques. Ratios 
obtained for thi  abnormality were 0.05 and 0.07%, re pectively. Only 13  plants out of 
28, 1 77 date palms derived from direct embryogenesis (0.05%) had an uneven ripening. 
Direct embryogene is had only 5 out of 7,21 6  planted date palms with this abnormality. 
I t  i worth mentioning that none of the date palms derived from offshoots, nor the ones 
derived from organogenesis showed this abnormality. Thus, in  the five-studied 
cult ivars, abnormal fruit set seems to be not serious problem. 
Table 1 8 :  Fruit  set fai lure (2004) .  
Cultivar type Propagation Total Number of 
























AE/A 7 16 
AE/B 275 
AE/A: Indirect asexual embryogenesIs 















































T able 1 9 U neven npenlDg (Ab . f . ) (2004) normal development ID rU l ts 
Cultivar t pe Propagation Total umber of 


























AEIA: Indirect asexual embryogenesls 
AE/B: Direct asexual embryogenesis 



































































Re ult of thi  tudy are in agreement with Djerbi,P7) and McCubbin et al, (22) on 
"Barhee' t rees who reported lack of ferti l ization as the major abnormality in  somatic 
embryogene i derived ' Barhee" plants. Thi abnormal ity was common in other 
countrie such a Saudi Arabia Namibia, and South Africa in addition to UAE. The 
urvey of more than 1 00,000 date palm trees propagated by the technique of somatic 
embryogenesi planted in early and mid 1990's showed that fruit set fai lure may reach 
80- 100 % of pollinated "Barhee' bunche (37) . The e trees produced parthenocarpic 
fruit with ometimes the development of more than 3 carpels. 
Thi phenomenon wa also reported by AI-Wassel, (33) on "Barhee", " Khlass", 
"Sukkari" and "Ajoua " where the occurrence of fert i l ization failure varied between 60-
86%. Such abnormality may also vary within the same bunch or within the spikelets of 
the arne bunch, or among bunches of the same tree (33, 34). No scientific evidence 
showed that fert i l ization fai lure is based on any changes in the DNA composition or due 
to lack of an optimal ferti l ization procedure. ( 1 5) 
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V . I A . T h e  oc u r r e n ce o f  D \-\ a r fi m 
The dv. arfi. m phcnomen n In t is  ue culture-derived p lants i defined a a evere 
restricti n of gro\\ tho Dwarf date palm plant are Ie  than one meter in high after four 
to fi\  car 1 11 the fie ld,  in  compari on  to a n rmal date plant f the ame age with an 
average of 3m in height. F igure 4 how an e ample of dwarfi m ob erved in "Khla " 
p lant - regenerat d b  d ire t embr ogene i ( E/B ) . 
Figure 4 :  Dwarfism in  "Khlass" cu l t ivar observed i n  a plantat ion:  
A. Three-year o ld plant derived from A E/A. 
B. F ive-year o ld p lant derived from A E/B.  
Tabl e  20 present the resu l ts obtained wi th the five tudied cu l t ivars wi th the ir  four 
ource of  plant  materi a l . The first observation is  that all date palms derived from 
off hoots and organogene i s  techniques were normal and showed no s ign of dwarfi m. 
However, the plant derived from asexual embryogenesis (of "Khlass", "Barhee" and 
, ukkari ' cu l t ivars) howed such abnormal i ty .  The 'J(]1 Iass" plants derived from 
( A E A )  had th is  abnormal i ty at a rat io of 0.62 0 0 ( 1 76 out 0[ 28,7 1 7 ) ,  whi le  half of this 
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ratio (0 . 32 %) wa obtained with direct embryogenesis of the same cult ivar (23 out of 
7,2 16  plant ) (Table 20). Lower ratios were observed in the "Barhee' plants derived 
from both indirect and d irect embryogenesis (0.09% and 0. 1 7%, respectively). 
Another important finding with the "Sukkari" cultivar, which showed the h ighest ratio 
of dwarfism (about 18 %) in  the indirect embryogenesis-derived plants. Out of 7 16  
'Sukkari" date palms, 1 27 plant were classified as dwarf. This i s  a very h igh 
percentage and needs further investigation. A lower ratio (but still significant one) of 
about 5 % was obtained with the same cultivar that was propagated by direct asexual 
e mbryogene is (AE/B). 
Table 20' The occurrence of Dwarfism (2004). 
Cult ivar type Propagation Total Number of 


























AE/A: Indirect asexual embryogenesIs 
AE!B: Direct asexual embryogenesis 
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127 17 .74 
13 4 .73 
Figure 5 :  A 3-year o ld " ukkari" dwarf p lant wi th  naked root system showing no s ign 
of 
d isea e infection. 
The dwarf plant shown in  F igure 5 i s  from a 3-year old 'Sukkari" cu l t ivar. Longi tudinal  
ect ion were made to make ure that  the crown and the root system do not have any 
infect ion. A hown in  the picture ( Fi gure 5 ), the p lant  has a very strong and proper root 
ystem, and the crown area is c lean and does not show any k ind of pathological 
ymptoms 
F igu re 6 hows a dwarf date palm that ha been fert i l ized us ing a neutral compound ( 20, 
20, 20: PK and microelement ( s ingra l ) .  The rat io of plants that recovered and reached 
the normal p lant  i ze of the s i  ter  control p lants was only about 1 0  %. The remain ing 
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90 percent of dat palm treated remained d\\ arf. and n Improvement \Va noticed 
foi l  \\ ing the fert I l ization treatment .  
Figure 6 :  Three-year-old ' Kh la  " date palm tree a t  Al -Fujairah, after being treated 
with 20120/20 N P K  D rt i l i zer. ot ice the improvement in  leaf size. 
Zaid and AI -Kaabi (32 ) found that certain date palm cu l t ivar , such a "Sukkari", 
'Barhee", "Sul tana" and "Oum Dahn" showed abnormal dwarfing, wi th "Sukkari" as 
the mo t ensi t ive cu l ti ar. In one orchard, 20 dwarf trees were among 50 " Sukkari" 
p lant  (40 0 0 dwarfi rn) whi l e  at  another orchard, 1 5  out of 42 plants were affected by 
dwarfism (350 0 dwarfi rn). I t  was found that a dwarf tree of "Oum Dahn" cu l t ivar, after 
di ecting, had a normal  root ystem and rneristemat ic area, and no pathological 
ymptoms were found (32). 
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V . l .S.  :\ce h e  vegc t a t i  e gro\'\ t h  
The data in  Tab le 2 1  describe - the occurrence of e ce ive vegetati e grO\ th 
abnonnal i ty a - infiuen ed b the appl i ed t i  ue cu l ture propagation technique and 
eu l t ivar. Exee. - ive \ egctat i e growth appeared a broader leaves, compact growth and 
di fferent spine - trueture of the plant .  F igure 7 i U u  trate the exce ive egetat ive growth 
\\ here leaflet are broader ( longer and wider) i n  both " Barhee" and "Khla s" cul t i  ar . 
In another tudy, Zaid and ria (2 1 ) found that out of 2 ,000 "Barhee" palm , which 
\\ re derived from ase ual omat ic embryogenesi , only two plants showed thi 
abnonnal v getati e growth abnonnal i ty (0 .0 1 %) .  McCubbin et al .  (22) found a much 
h igher rat io  of abnonnal i t  ( 1 .4% ) in  a urvey carried out i n  S.  Africa o n  the "Medjool" 
u l t i var that \ ere derived from omat ic embryogenesi . 
Top leaf( Abnorm a l ). 5 1  em length, 4 . 5  em width: Bottom lea f (  
Top leaf ( ormal ). 37 em length, 4 e m  width; Bottom ( Abnorm a l ), 56 e m  length, 5 em width 
Figure 7: Excessive vegetat ive growth observed i n :  
A. l eafiet from Three-year o l d  "Barhee" tree grown a t  Ras E l  
Khayma 
B. l eaflet from five-year old "Khlass" tree grown at the MAF 
farm! A l  Hamraneya. 
Both trees are derived from indirect embryogene is  ( A E/ A) .  
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There were no any vegetative growth abnormality in the offshoot-and the 
organogenesis-derived date palm trees for the five studied cultivar (Table 21 ). 
T bl 2 1  Th a e e occu rrence 0 f E  t . xceSSlve vege attve growth (2004) 
Cultivar type Propagation Total Number of 


























AE/A: Indirect asexual embryogenesis 
AE/B: Direct asexual embryogenesis 
-- : No trees available 
2297 
- -
28 1 77 
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However, i n  both ' Khlass" and "Barhee" cultivars, both direct and indirect 
embryogenesis-derived date palms t rees showed excessive vegetative growth 
abnormality (For "Khlass", 0.07 % and 0 . 15  % for AE/A and AE/B, respectively, while 
for Barhee", only 0 .01 % and 0.08 % for AE/A and AE/B, respectively). 
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V. 1 .6 .  L e a f  \\ h i te n i n g 
Whltcll Ing of leave may be cau ed by a part ia l  or lotal 10 of chlorophyl l in the 
affectcd Ica\ c' ,  a h "  n in " ul tana" palm tr e in figure 8 u ual l two to four white 
Icm c devclop per affected date palm tree. 
e-year old Su l tana palm tree organogenesi 
grown at Masafi .  
The  occurrence of l eaf whitening abnormal i ty i s  i l l ustrated in  Table 22 .  Date trees 
denved from the four propagation techn iques ( off: hoots, organogenesis ,  A E/ A and 
AEB)  of the " Sukkari" cv. d id not show any white leaves. In addit ion ,  palm trees 
derived from off: hoots d id not how any abnormal i ty for the five studied cul tivars. 
Both "Barhee ' and "Khl a  s" cu l t ivars derived from indirect and direct embryogenesi s  
(AE/A and AEIB)  had whi te leave , 0 .02 % ( A E/A ) and 0.07 % ( AE/B )  for "Khlass" 
and 4.30 % C A E/A) and 0 .39 % ( A E/B)  for "Barhee". The surprising re u l t  in th is  
survey is  that  organogene i s-derived plant materia l  howed such whitening 
phenomenon in both " abtet Seif'  and "Sul tana" cu l t ivars. E ighty out of the 1 50 
" abtet Seif'  date palm trees originat ing from organogenesi s  technique ( 53 .33 %) had 
at least one white leaf per tree. H owever "Sul tana" cu l t ivar had a leaf whitening ratio 
of 32 0/0. Such ob ervat ion meri ts further inve t igation. However, this abnormal i ty is 
rather rare in  a given orchard, and therefore of no great economic s igni ficance. Leaf 
whitening was heav i l y  noticed in  regions with gravel o i l ,  which has low water 
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retention, in contra t to region with clay oil, which retain the water better. I t  is worth 
mentioning that AI-Kaabi and Zaid (78) recently observed that such abnormality is a 
temporary phenomenon. Affected palm leaves turn into their greenish color within a 
period of Ie than ix months. AI-Wassel (33) reported the occurrence of leaf whitening 
in  some cult ivar such as "Khlass" and ' Ajoua". AI 0, AI-Kaabi (15) reported leaf 
\vhitening in " ul tana", "Barhee and "Nabtet Seif' cul tivars. 
Table 22: The occu rrence 0 ea w I tenmg. f L  f h ·  
Culti ar type Propagation Total Number of 


























AE/A: IndHect asexual embryogenesIs 
AEIB: Direct asexual embryogenesis 
--: No trees available 
2297 
--
28 1 77 






























































V. l .7 .  L e a f  v a r i eg a t i o n  
Lca\ cs ho\\ a cream col red tri pe runn ing para l le l  to the leaf margin ( F igure 9 ) . Thi 
shou ld n t be con fu cd \\ i th the gcneral ye l lowing of lea e cau ed b i ron defi iencie _ 
This abn0n11al t t  occur on a l l  l eave , but i n  d i fferent form of tripe with ome wider 
than ther' .  
Figure 9: One-year o ld "Khlass" t ree at the VP2 tage wi th l eaf variegation 
abnormal i ty_  Thi  t ree was organogenesi -derived. 
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V. 1 . K B a  t a rd o ff h oo t  
The fa't  growi ng hab i t  of  1 I  ue cul ture-denved palm and the abundance of off: hoot 
pr ducti n are accompanied b the appearance of abnormal off hoot ' i n flore cence 
speC imen, . Deformed gr \ .... th of dat palm egetat ive bud , and their  con ersion to 
fl ral bud are c mmon l known a twi led in flore cences. Specimens with this 
abnormal i ty were nam d b  Zaid and ria ( I )  a "Ba lard offshoot " (F igure 1 0) .  
Figure 1 0 :  Ba tard offshoot on t hree years o ld  "Khlass" tree generated from indirect 
embryo gene i techn ique C AE! A ) . The plant specimen is from Ras AI 
Khaimah farm. 
Tabl e  23  presents the occurrence of bastard offshoots in five date palm cu l t ivars derived 
from d i fferen t  propagation techniques.  Bastard offshoot did not appear i n  the 
off: hoots-and organogene i s-propagated trees i n  the five date cul t ivars. A l l  the five 
cu l t ivars had normal offshoot production wi th  the absence of any twisted 
i nflorescences. 
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However ' Khla  " and ' Barhee ' showed such abnormality in  t rees derived from both 
d irect and ind irect asexual embryogene is techniques, (0.62 % and 2.7 % for AB/A and 
AB/B, re pect ively in Khlas " cul tivar, and 0.03 % and 0 . 1  % for AB/A and AB/B, 
re pectively in ' Barhee" cultivar). 
T bl  23 Th a e : e occurrence 0 f B  t d ff h as ar o [ SI oots ( 2004) .  
Cultivar type Propagation Total Number of 


























AE/A: IndlJect asexual embryogenesIs 
AE/B: Direct asexual embryogenesis 
--: No trees available 
2297 
--
28 1 77 





























































These results are in  agreement with Zaid and Al-Kaabi (15) on "Barhee" cultivars. Zaid 
and Arias (22) concluded that bastard offshoots m ight be caused by an infestation of the 
date palm bud mite (MakieUa phoenicis K.) or due to a reduction in  growth caused by 
an inequil ibrium of endogenous growth regulators accumulated during in vitro 
propagation. Varughese (40) considered the malformation in fol iage of new shoots as one 
of the abnormalities of in vitro culture through the embryogenesis pathway. 
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V. 1 .9. General Conclusion 
Table 24 ummarizes all the prevIOus results regarding the occurrence of growth 
abnormalit ies. I t  cou ld be concluded from the survey results that date palm trees derived 
from either offshoots or organogenesis technique did not show such abnormalities in 
growth, except . The leaf-whitening phenomenon that occurred in  rather high rate in  
"Nabtet Seif' and "Sultana" regenerated by organogenesis (53.33% and 32%, 
re pect ively). It is al 0 noticeable in  Table 24 that the trees propagated by the somatic 
embryogene is technique, whether direct or indirect, showed abnormalities formation. 
In  thi re pect, 'Sukkari" was the most sensitive to dwarfism. Moreover, "Khlass" was 
the most sensitive to the scarcity of flowering abnormality, the fruit set failure ,  and the 
formation of bastard offshoots. 
Except for uneven ripening, al l  other abnormalities are found with the "Barhee" plants 
that were mult iplied via both direct and indirect asexual embryogenesis. S imilar 
conclusions could be made for the "Khlass ' cultivar concerning all abnormalit ies except 
delay i n  flowering. Moreover, asexual embryogenesis-derived plants of cult ivars 
"Khlass", "Barhee" and "Sukkari" have abnormal morphology and structure . The delay 
in flowering was only found in "Barhee" trees produced by i ndirect asexual 
e mbryogenesis (AFiA). The scarcity in flowering and fert i l ization fai lure were observed 
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V.2. Ferti lization Failure and M u lti-Carpel Assessment 
Table 25 and 26 present fru it set abnormalit ies occurred in "Kblass" and "Barhee" 
cultivar . The highest fruit set failure obtained with the "Khlass" cultivar was with the 
direct a exuaI embryogenesis (AEIE). About 49.2 % of fruits tested (7,839 out of 
15,9 15) were parthenocarpic (Figure 1 1 ) .  This is a high failure percentage compared to 
off hoot propagated palms (0.2 %) and the organogenesi -propagated palms (6.2 %) 
(Table 25). Another h igh percentage of parthenocarpic fruits was obtained with the 
"Khla s' indirect asexual embryogenesis (AE/A) with almost 20 % fruit set fai lure .  
(Table 25; Figure 1 1) .  Table 25 also i l lustrates the distribution of this parthenocarpic 
failure. A large interval of abnormal fru its with 2, 3, 4, 5 and 6 carpel s  was obtained 
(Figure 12, 1 3) .  With the offshoots source, 1 00 % of parthenocarpic fruits were of 3 
carpels nature, while the organogenesis source had the following percentages of fruit set 
abnormalities 70 % with 2 carpels; 23.4 % with 3 carpels; 5 .5 % with 4 carpels; and 1 .2 
% with 5 carpels .  No 6 carpels situation was obtained (Figures 13,  14,  1 5  and 1 6) .  
I t  is worth mentioning that both sources of indirect and direct asexual embryogenesis 
(AE/A and AEIE) of the ' Khlass" cultivar had a lmost similar distribution percentages 
of fruit set abnormalities. The average proportions of 2 carpels, 3 carpels, 4 carpels, S 
carpels, and 6 carpels were about 43 %, 32 %, 14  %, 7 %, and 4.5 %, respectively for 
both AE/A and AEIE plant material sources (Figure 1 1 ) and also (Figures 14 ,  15 ,  and 
1 6) .  
Detailed results tables of this experiment which indicate the different ages of the studied 
date palm trees are available in  the appendices section. 
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Table 25 : Fru it set abnormalities and parthenocarpic fruits of "Kblass" cv. 
Tissue Culture 
Off hoots 
Organogenesis AE/A AE/B 
Original total number of 
21387 4954 745 1 1 59 1 5  
poll inated fru its 
Number of parthenocarpic fruits 39 308 1 486 7839 
Fruit set fai lure % 0.2% 6.2% 1 9.9% 49.25% 
Parthenocarpy (%) 
0 2 1 5  (70%) 
(with 2 carpels) 
630 (42%) 3279(43%) 
Parthenocarpy (%) 
39 ( 100%) 72 (23.4%) 2238(29%) 
(with 3 carpels) 
520 (35%) 
Parthenocarpy (%) 
0 1 7  (5.5%) 947(1 2.3%) 
(. i th 4 carpels) 
232(1 5 .6%) 
Parthenocarpy (%) 
0 4 ( 1 .2%) 667 (9%) 
(with 5 carpels) 
73 (5%) 
Parthenocarpy (%) 
0 0 3 1  (2.4%) 392 (6.5%) 
(with 6 carpels) 
Table 26: Fruit set and parthenocarpic fruits  of "Barhee" cv. 
Tissue Culture 
Offshoots 
Organogenesis AE/A AE/B 
Original  total number of 
2 1293 1 2362 1 2769 35637 
pollinated fruits 
N u mber of parthenocarpic fruits 1 79 248 4406 1 92 
Fruit set failure % 0.8% 2% 34.2% 0.5% 
Parthenocarpy (%) 
59 (33%) 62 (25%) 1 355(30.7%) 1 83(95%) 
(with 2 carpels) 
Parthenocarpy (%) 
1 20 (67%) 1 86 (75%) 2 1 6 1 (49%) 9 (4.6%) 
(with 3 carpels) 
Parthenocarpy (%) 
0 0 880 (20%) 0 
(with 4 carpels) 
Parthenocarpy (%) 
0 0 1 0  (0.2%) 0 
(with 5 carpels) 
Parthenocarpy (%) 
0 0 0 0 
(with 6 carpels) 
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Figure 1 1  : abnomlal  carpel  fru i t  set of the "Khlass" cu l t ivar presenting s i tuation of 2 ,  
Source 
3 , 4, S ,and 6 carpe l  i n  date trees of: 
A .  Parthenocarpic frui t  from four ears old tree propagated by AE/A; 
B. Parthenocarpic  fru its from four years old tree propagated by A E/B; 
C. Parthenocarpic  fru i ts  from ten years o ld tree propagated by 
Organogene I S .  
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0 6  C a rpels 
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111 4 C a rp Is 
. 3 C a rpels 
0 2  C a rpels 
7675 
IV Total Parlhenocarpy 
AEJB Orga n o g e n e si s  
Figure 1 3 :  u i t i  arpel  appearance in  "Khla s" according to the propagation technique. 
Organoge nesis palms abnormal carpel d istribution I K H LAS S  
Total Pa rthenocarpy, 
6.2% 
3 C a rpels, 234% 
D 4 C a ",e',. 5 5% <-=:J ____ 5 C a rpels, 1 .2% 
- - 6 Carpels, 0% 
2 C a rpels, 70% 
� Pollinated 
. 2 Carpels 
0 3  Carpels 
0 4  Carpels 
. 5 Carpels 
0 6 Carpels 
Figure l · t Fert i l ization fai l ure 0/0 and M u l t i  carpel appearance in "Khlas ' 
( Organo genes is ) .  
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AE/A palms abnormal carpe l dist r i b u tion I K H LAS S  
Total 
P a rthenocarpy, 20% 
3 C a rpels, 35% 
4 C a rpels, 1 5  6% 
5 C a rpels. 5% 
6 C a rpels, 2.4% 
2 C a rpels, 42% 
(] Pollinated 
. 2 Carpels 
0 3  Carpels 
0 4  Carpels 
. 5 Carpels 
� 6 Carpels 
Figure 1 5 : Fert i l ization fai l ure 0 0 and Mul t i  carpel appearance in "Khla s" CAE/A) .  
AE/B palms abnormal carpel distribution I K H LASS 
2 Carpels, 43% 
Tota l Parthenocarpy, 
49.3% 
5 Carpels, 9% 
6 C a rpels, 6.5% (] Pollinated 
. 2 Carpels 
0 3  Carpels 
0 4  Carpels 
. 5 Carpels 
fl 6 Carpels 
Figure 1 6 : Fert i l i zation fai lure % and M ul t i  carpel appearance in  ' Khla s" ( A E/B) .  
A a first conc l usion, the results obtained in  this tudy showed that,  i n  ' Kh lass", p lants 
propagated through d irect asexual  embryogene i ( A E/B)  there is  a fair ly  acceptable  
fert i l ization percentage reaching 50.7 %. The carpel distribution in the  parthenocarpic 
fraction was main ly  made of 2 and 3 carpel then at lower percentage the 4 and 5 
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carpel occurrence , and at a very low percentage there was a small amounts for 6 
carpel . Plants propagated through indirect asexual embryogenesis (AE/A) had a very 
good fert il izat ion percentage of 80 % with a carpel distribution of 2 for the most then 3,  
4, 5 and 6.  Off hoot propagated trees had a ferti l ization percentage of almost 1 00 % 
fol lowed by tree originating from organogenesis with a fertil ization percentage of 94 % 
with a d i  tribution of parthenocarpic fruits of 2 carpels then 3, 4 and finally 5 .  
Table 26, a mentioned earlier, i l l ustrates the parthenocarpic results obtained with the 
"Barhee" cultivar. Unl ike " Khlass" cul tivar, the highest percentage of parthenocarpic 
fruits was only obtained with indirect asexual embryogenesis (AE/A) (Figures 1 7, 1 9) .  
Such parthenocarpic fai lure was about 35  % (4,406 out of  1 2,769 fruits) and was mostly 
made by 3 carpels (49 %) and 2 carpels (3 1 %) fol lowed by 4 carpels (20 %). There 
were a lmost no cases with 5 and 6 carpels (Figures 1 8  and 1 9). The other t hree plant 
material sources (offshoots, organogenesis and direct asexual embryogenesis (AE/B)) 
had a very low fruit set fai lure that was 0.8 %, 2 %, and 0.5 %, respectively (Figure 1 7) .  
On the other hand,  in  "Barhee" cult ivar, al l  four plant material tested sources reached 
a lmost 99 % ferti l ization except the AE/A with only 66 %. Parthenocarpic fruits were 
mainly made of 3 carpels and then equal amounts of 2 and 4 carpels and a negligible 
number of 5 and 6 carpels. The main form of parthenocarpic fruits was 2 carpels 
fol lowed by 3, 4, 5 and 6 in "Khlass" cultivar (figure 1 1  A, B and C), while in 
"Barhee", 2 and 3 carpels were dominant at the same percentage of appearance fol lowed 
by 4, 5,  and 6 carpels. 
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Figu re 1 8 : M ult i  carpel appearance in "Barhee" according to source. 
- 7 1  -
AE/A palms abnormal carpe l dlstnbution / B AR H E E  
Total 
P a rthenocarpy, 
34 2% 
2 C arpels, 30.7% 
3 C a rpels,  49% 
4 C a rpels, 20% 
5 C a rpels, 0 2% 
6 C a rpels, 0% 
I) Poll inated 
. 2 Carpels 
0 3  Carpels 
0 4  Carpels 
. 5 Carpels 
1) 6 Carpels 
Figure 1 9 : Fert i l ization fai l ure  0 0 and Mu l t i  carpel appearance in  "Barhee" ( A E/A) .  
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V.3. Ident ification of abnormali ties observed zn vitro date palms 
during the hardening period 
These ob ervat ions have been done at the Date Palm Research and Development Unit 
(DPRDU) of the UAE University, which has seventeen greenhouses and six nurseries. 
Each greenhouse can contain about 1 0,000 v itro plant . All plants showing problems i n  
growth and  abnormali tie are gathered in  one greenhouse to allow a precise monitoring 
and, accurately record al l  observation . The observed abnormalities in different 
cultivars are u mmarized in Table 27. 
There were three types of abnormalities observed in the surveyed plantlets at two 
growth stages VPl and VP2, during the accl imatization period. The main abnormalities 
in the greenhouses were dwarfism, spiral leaves, and absence of apical meristems. The 
most dominant abnormality was the absence of apical meristem, ranging between 0. 1 % 
("Khadrawi" cv) and 10% ("Nrnishsi" cV), beside dwarfism and spiral l eaves on the 
e ight cult ivars surveyed. 
"Khlass" plantlets showed three types of abnormalities, namely dwarfism, spiral l eaves 
and absence of apical meristem (Figures 2 1 ,  22 and 23). The dominant abnormality was 
the absence of apical meristem in both cultivars "Khlass" ( 1 .4 %) and "Nmishsi" ( 10%) . 
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T a b l e  2 7 :  Data col lected from DPRDC.  I 
I Cult l"ar  
t)pe 
" K hlas\ 
.,  
" K hla\s 
.,  
"Gash 
Rami l"  
" L u lu" 
"Sa J... , , "  
"K hadmoUi 
" 
" N mlshl "  
" �1 actoumi" 
"K henezt 
.,  













Type of abnorma l i ty 
Date of umber 
umber of bnomlal i t) Ab. ence of " P  I plml 
transpla nt ing 




1 9/5 03 49.77X 726 1 . 5 0.022 0.0 1 6  1 . 420 
1 01 1 1  02 3 1<,1<71< 1 , 1 9 1  3 . 1 0.000 0.028 3 .035 
23 6 02 8,940 20 0.2 0.000 0 000 0.200 
1 2  I 1 '02 1 .3 7 1 22 1 6 0.000 0.000 1 .600 
2 3 7 02 1 ,6 1 2  2 1<  1 . 7 0.000 0.000 1 . 700 
1 2  1 1 0 1 2 .823 2 0. 1 0.000 0.000 0. 1 00 
29 9 0 1 1 ,4 3 9  1 44 1 0.0 0.000 0.000 1 0.000 
22 1 1 0 1  7 .259 26 0.4 0.000 0.000 0.400 
22 2 03 5,32 1 1 00 1 .9 0.000 0.000 1 .900 
Abnormalities found in date palms orig inated by Organogensis in Date Palm Rese arch 
U n it UAEU 
11 TOTAL 
• Absence of apical meristems 
o Spiral leaves 
o Dwarfism 
0 
� � � .; � 
�. N 
� � N .,; � 0 0 0 0 � 0 � N 0 � 0 0 - 0 0 0 0 0 0 0 0 N � N ::: N 0 
Kt1lass Jesh RamI!  lulu Sakll Knadraoui Nmlshl Mactouml Khenezi 
Figu re 20 :  Distribution of abnormal it ies found in DPRDU.  
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Figure 2 1 :  pira l  leave' abnomlal i ty appearing in "Kh l a  " cul t ivar propagated by 
organogenesi ( Left ,  abnomlal ; R ight, normal ) .  
Figure 2 2 :  Ab ence of  apical meristem abnormal i ty appearing in  "Khlass" cu l tivar 
propagated by organogenesis ( R ight, nonnal ;  Left, abnormal ) .  
Figure 2 3 :  Dwarfism abnormal i ty appearing in  "Khla s" cu l t ivar propagated by 
organogenes i s  ( Left ,  normal ; R ight , abnormal ) .  
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\ A .  H i  t o l og i c a J t u d � 
The a im of thi study \\ a to Inn t lgate the tructure of t i  ue in the palm tree that 
ho\', ed the ab ence of apIcal meri tern abnormal ity. Longi tudinal sect ion - \\ ere made 
in the young abnormal date palm plant l et ( F igure 24) .  
Figu re 2 4 :  Date palm plant let deri ed from organogenesis technique and exhibi t ing the 
ab ence of apical meri tern abnormal i ty ( 'Khlass" cv. ) .  
Figure 2 5 :  M icroscopic  i mage of apical  meri tern in date palm plant let derived from 
organogenesi for a normal  "Khlass" plant let .  
The t i  sue ect ions prepared from normal p lant lets exhibi t  a normal structure ( F i gure 
25 ). The apical meri stem (or apical dome)  is  surrounded by several leaf primodia.  
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Figure 26:  M icro copi i mage of apical meristem i n  date palm plant let derived from 
organogene is of an abnonnal "Kh lass" plantlet .  
In t i  ue ection taken from plant let with the absence o f  apical meristem abnonnal i ty, 
the api a l  dome i urrounded by only  two leave ( Fi gure 26) .  The emergence of other 
leaf primodia  ems to  be restricted . 
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V.S.  Physical and Chemical Characterization of Tissue Culture­
Prod uced Date Pal m  Fruits 
V.S. l .  " Ba rbee fruit  characteri tics and mineral composition 
The aim of this experiment was to study the chemical and physical characteristics of 
date palm fruit and to describe any differences between the different propagation 
techniques of off hoots, organogenesi , direct asexual embryogenesis (AE/B) and 
indirect a exual embryogenesis (AE/ A). This study was done on two main cult ivars, 
' Khla s '  and "Barhee" with two different tree ages, three-year and five-year old .  Each 
experiment was run twice representing two independent separated analyses (I  and I I) .  
Re ul ts shown in Table 28 indicate that moisture content did not vary between "Barhee" 
fruit harvested from three-year old trees, propagated by embryogenesis technique. 
However, moisture concentration of "Barhee" fruits derived from offshoots-propagated 
trees was significantly lower than that of embryogenesis-propagated trees and this t rend 
was consistent in  both analyses. In  a similar way, some physical and chemical 
characteristics of "Barhee' fruits harvested from five-year-old trees are shown in Table  
29 .  The results confirmed that "Barhee" fruits harvested from trees originated from 
offshoots had  significantly lower moisture content than that of  frui ts harvested from 
tree derived from embryogenesis (AE/A) or (AE/B) techniques. However, "Barhee" 
fruits harvested from trees derived from organogenesis had the lowest concentration of 
moisture content as compared with the other three methods of propagation, namely 
offshoots, embryogenesis (AE/A) and (AE/B). There was no significant difference in 
reducing sugar concentration of "Barhee' fruits, whether their trees originated from 
offshoots or embryogenesis (AE/A or AE/B). 
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As was the case in the three-year old "Barhee", five-year old "Barhee" trees of the same 
cultivar varied in their fruit weight, and fruits of embryogenesis (AE/A) had 
ignificantly lower fruit length that that harvested from trees originated from offshoots. 
However, fru its of ' Barhee" t rees originated from organogenesis did not vary 
significantly from those of "Barhee" trees originated from offshoots. Moreover, fruit 
weight of organogene is trees was significantly greater that that of the two sources of 
embryogenesis (AE/A and AE/B). 
Other fruit characteri tics such as seed weight, length and width of both three and five-
year old "Barhee" trees did not significantly very among the different propagation 
techniques. 
Table 28 : physical and chemical characteristics of "Barhee" date fruits harvested 




M oisture I 47.9 b 
concentration IT  48.02 c % 
Reducing I 69.0 a 
sugars % I T  65.2 a 
Frui t  weight I 1 3 .98 a 
(gm) I I  1 4.06 a 
Seed weight I 1 .04 a 
(gm) I T  1 .02 a 
Seed length I 1 .58 a 
(cm) I I  1 .58 a 
Seed width  I 0.76 a 
(cm) I I  0.74 a 
Embryogenesis Embryogenesis 
AE/A AE/B 
54.58 a 56. 1 4  a 
53.52 b 58.56 a 
67.6 a 69.0 a 
67 a 67.6 a 
1 3 .78 b 1 4 .08 a 
1 3 .8 b 1 4.06 a 
1 .04 a 1 .04 a 
1 .06 b 1 .04 a 
1 .64 a 1 .62 a 
1 .62 a 1 .6 a 
0.74 a 0 .78 a 
0.74 a 0 .78 a 




3 . 14  
3.36 
3.94 
0 . 1  
0 . 1 2  
0.08 
0.09 
0 . 1 2  
0. 1 4  
0.07 
0.07 
Table 29: Physical and chemical characteristics of "Barhee" date fruits harvested from 
f ld Ive-year-o 
Propagation 
technique 
Moi  t u re I 
concentration 
% II  
Reducing I 
sugars % I I  
Frui t  weight I 







15 .06 a 




38.85 d 55.62 b 58.96 a 
39.7 d 53.93 b 56.7 a 
66.7 a 67 a 69.4 a 
66.4 a 67.4 a 66.2 a 
1 5 . 04 a 14.06 c 14 .4 b 






0. 1 1  
0 . 1  
eed weight I 1 .02 a 1 .04 a 1 .04 a 1 .02 a 0 .082 
(gm) II 1 .04 a 1 .02 a 1 .06 a LO a 0.076 
Seed length I 1 .62 a 1 .62 a 1 .6 a 1 .6 a 0 . 1 4 1  
(cm) II 1 .66 a 1 .6 a 1 .64 a 1 .66 a 0. 132 
Seed width I 0 .74 a 0 .74 a 0.78 a 0 .74 a 0 .07 
(cm) I I  0.74 a 0 .78 a 0 .74 a 0 .78 a 0 .067 . .  
* Values of the same letter are not slgmflcantly dIfferent at 0.05 level . 
I t  wa found that the Nitrogen content of dates from offshoot-originated trees was 
significantly lower than the fruits of trees originated from embryogenesis (AE/A) (Table 
30) .  
I t  was obvious that  the use of organogenesis has led to less nitrogen content i n  the fruits 
as compared with fruits from offshoots origin (Table 3 1 ). Similarly, the use of 
embryogenesis has led to the same resul t .  Moreover, fruits harvested from trees 
originated from offshoots had significantly h igher phosphorous than all other fruits 
harve ted from micropropagation-originated trees (organogenesis or embryogenesis). 
A similar trend of results was obtained with the potassium content. Values of calcium 
content in  fru its of trees of various propagation techniques did not have a consistent 
trend (Table 30). Moreover, magnesium and sodium content of "Barhee" fruits 
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harve ted from three-year old trees was similar regardless of the propagation method 
u ed. 
Table 30 : Mineral compo ition of "Barhee" date fru its harvested from three-year-old 
t rees 
U ed propagation orr hoots Embryogene is Embryogenesis 
method AE/A AE/B 
I 
0.54 b 
N %  0.63 a 0.63 a 
I I  
0.55 b 0.63 a 0.52 b 
I 
P %  
0.092 a 0 .096 a 0.084 a 
I I  
0. 124 a 0.09 b 0. 1 b 
I 
K %  
0.97 b 1 .54 a 1 . 1 4  b 
I I  




0.14 a 0.04 b 
I I  
0.02 c 0.03 a 0.02 b 
I 
0.026 a 0.024 a Mg % 
0.022 a 
I I  
0.036 a 0.038 a 0.024 b 
I 
0.023 a 0.023 a 0 .013 a 
Na % 
I I  
0.015 a 0.022 a 0.014 a 
I 
5 .2  b 5.72 a 3 .3 c 
Fe (ppm) 
I I  
3.58 c 5 .2  b 5.72 a 
I 
5 . 1 6  a 5 . 1 4  a 5 . 14  a 
Cu (ppm) 
I I  
5 . 1 6  a 5 . 1 4  a 5 . 14 a 
I 
1 .82 a 0.26 b 0.3 b 
1\-1n (ppm) 
I I  
1 .66 a 0 .26 c 0.4 b 
I 
3.76 b 5.68 a 4.02 b 
Zn (ppm) 
I I  
4 .68 b 6.06 a 5 .88 a 
. .  
• Values of the same letter are not sIgmficantly different at 0.05 level .  




0.01 2  
0.01 9  
0.3 
0. 1 2  








0. 1 1  





Table 3 1 :  Mineral composit ion of "Barhee' date fruits harvested from five-year-old 
trees. 
U ed 





N %  
I 0.65 a 0.42 d 0 .6 b 0.53 c 0 .04 
I I  0.65 a 0.44 c 0.54 b 0.62 a 0.04 
P %  
I 0. 13  a 0.09 b 0.09 b 0.09 b 0 .02 
I I  0. 13 a 0.09 b 0.09 b 0.09 b 0.02 
K %  
I 1 .07 c 1 .05 c 1 .27 b 1 .35 a 0.04 
I I  1 .06 b 1 .07 b 1 . 12 b 1 .25 a 0.07 
Ca % 
I 0. 1 2  a 0. 12 a 0.03 b 0.04 b 0.01 
II  0. 13  a 0. 1 3  a 0.03 b 0.03 b 0 .01 
Mg % 
I 0.038 b 0.054 a 0.032 a 0.038 b 0.008 
II 0.028 c 0.052 a 0.036 a 0.04 b 0.007 
Na % 
I 0.023 a 0.022 a 0.024 b 0.021 a 0.034 
I I  0.024 a 0.022 a 0.01 4  b 0.032 a 0.032 
Fe (ppm) 
I 3.44 c 1 0.22 a 5 .2  b 5 .72 b 0.56 
II 3.32 d 10.42 a 5 .2 b 5 .82 b 0 .22 
Cu (ppm) 
I 5.54 a 2. 1 2  c 5 . 1 4  b 5 . 1 4  b 0.23 
I I  5 . 1 8  a 2.28 b 5 . 14 a 5 . 1 4  a 0. 1 6  
Mn (ppm) 
I 1 .84 b 2.84 a 0.28 d 0.44 c 0.07 
I I  1 .46 b 2.86 a 0.5 c 0.44 c 0.09 
Zn (ppm) 
I 3.90 a 4.46 a 4.04 a 3 .58 a 0.93 
I I  5 .04 a 4.96 a 4 .02 b 3.94 b 0.74 
* Values of the same letter are not significantly different at 0.05 leve l .  
Iron content i n  fruits showed consistent results. Both sources of  e mbryogenesis (AE/A) 
and (AE/B) led to a significantly h igher iron content when compared with that in  fruits 
of trees of offshoot origin.  However direct embryogenesis (AE/B) caused h igher iron 
content in  the fruit than that found in  indirect embryogenesis (AE/A) (Table 30) . The 
iron content was superior in  fruits harvested from five-year old trees of organogenesis 
origin as compared with other methods used (Table 3 1) . The two sources of 
embryogenesis were also effective in enhancing the accumulation of iron in "Barhee" 
fru i t  but to a l esser extent than that obtained with the use of organogenesis. However, 
fruits of "Barhee" trees originated from embryogenesis gave a consistently h igher 
amount or iron than that of fruits harvested from trees of offshoot origin (Table 3 1 ) . # 
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Copper content in the fruits on the other hand was not affected by the type of 
propagation in three-year old "Barhee" trees. No significant d ifference in the copper 
content wa found among all propagation techniques (Table 30) . 
Off hoot fruit contained significantly higher accumulation of magnesium of three­
year old Barhee" tree , than fruits of embryogenesis (AE/A) or (AE/B). However, 
embryogene is (AE/B) tended to have greater manganese accumulation in "Barhee" 
fruit than embryogenesis (AE/A) in both analyses (Table 30). 
With regard to the magnesium content in five-year old "Barhee" fruit, it was clear that 
the use of organogenesis has led to a marked increase in magnesium as compared with 
the use of offshoots or embryogenesis (AE/A) or (AE/B) as methods of propagation . 
Both sources of e mbryogenesis did not vary in their effect on the magnesium content in 
"Barhee" fruits since the difference was not significant (Table 3 1 ). 
On the contrary, offshoot-originated ' Barhee' trees tended to have a significant 
reduction in Zinc content in the fruit as compared with embryogenesis from source 
AE/B. Embryogenesis from source AE/A, however, did not have a consistent trend with 
regard to zinc accumulat ion or content in "Barhee" fruits (Table 30) . 
With regard to the potassium content in fruits, it was found that trees of embryogenesis 
origin (AE/B) had higher potassium than that of trees of offshoot origin .  Potassium also 
tended to be higher in fruits harvested from trees of embryogenesis (AE/A) origin as 
compared with that of offshoots origin, but in a consistent manner in  the two analyses. 
However, fruits harvested from trees of organogenesis origin had smaller amount of 
potassium than that of embryogenesis (AE/B) origin (Table 3 1). 
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On the contrary, the u e of offshoots or organogenesi technique in propagating five­
year-old 'Barhee' t ree led to the accumulation of significantly greater amount of 
calcium in the fru it when compared with the use of either embryogenesis (AE/A) or 
(AE/B). Furthermore, no significant difference in fruit calcium was found when both 
off hoot and organogene i were compared. 
Re ults of the copper content in "Barhee" fruit of organogenesis source showed a 
can istent trend for a smaller amount of copper than that of fru its harvested from 
e mbryogene is sources (AE/A) or (AE/B). These two sources of embryogenesis (AE/A 
and AE/B) did not re ult  in a significant difference in  the copper content in  "Barhee" 
frui t  . The manganese content in  ' Barhee" fruits harvested from five-year-old trees that 
originated form organogenesis was significantly higher compared with fruits of trees 
originated from other methods of propagation . However, the use of offshoots resulted i n  
'Barhee" trees of  h igher manganese in  the frui t  than that originated from either 
embryogenesis (AE/A) or (AE/B) (Table 3 1) .  The zinc content in  "Barhee" fruits 
showed a different trend. Both the use of offshoots and organogenesis resulted in  a 
significant difference when both methods were compared. S imilarly, both 
embryogenesis sources of micro-propagation did not result in  a significant difference in 
the zinc content i n  "Barhee" fruits when both methods were compared. (Table 3 1 )  
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V.S.2. " Khlas " fruit  characterist ics and mineral composition 
Re ult of Table 32 indicate some physical and chemical characteristics of "Khlass" 
date fru it harve ted from three-year old trees, as influenced by the method of 
propagation u ed. The result reveal that the fruit moisture content in fru its of offshoot-
originated trees was les than that of fru its harvested from embryogenesi (AE/A) or 
(AE/B) originated tree . However thi trend was only significant in the second analysis. 
Moreover, both ources of embryogenesis (AE/A) or (AE/B) resulted in  similar 
moi ture content in  the fruit in  both analyse . However, the moisture content in  
"Khla  s frui ts of five-year o ld trees derived from organogenesis had lower fruit 
moi ture than that derived from propagation by offshoots (Table 33). Furthermore, the 
percentage of reducing sugars was similar, and no significant difference was found 
among al l  methods of propagation used. (Table 33) 
With regard to reducing sugar percentage in the fruit ,  i t  d id not seem that there was a 
clear difference among methods used, and this was confirmed by statist ical analysis. 
Embryogenesi (AE/B) source led to h igher reducing sugars than other methods, but 
this result was only significant in  the second analysis of "Khlass" fruits. (Table 32) 
Fruit weight did not vary much among the methods used in date palm propagation. I n  
general, the use of  embryogenesis (AE/A) o r  (AE/B) sources caused a slight reduction 
in frui t  weight of three-year old "Kh lass" trees derived from such a technique as 
compared with fruit weight of offshoot-originated trees (Table 32). The use of offshoots 
or organogenesis has resulted in "Khlass" t rees of higher fruit weight than that resulting 
in  "Khlass" trees originating from embryogenesis (AE/A) or (AE/B) .  However, the 
d ifference between fruit weight of trees derived from offshoots was not significantly 
d ifferent from that of fruits of t rees derived from organogenesis. In agreement with the 
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three-year old "Khla " trees resul ts, parameters of seed weight, seed length, and seed 
width did not vary significantly among all methods of propagation used (Table 33) . 
Seed parameter on the other hand, (whether seed weight, seed length or seed width) 
did not vary ignificantly among the methods used for propagation of three-year old 
"Kbla s" trees. 
Table 32: Physical and chemical characteristics of "Kblass" date fruits harvested from 
h Id t t ree-year 0 rees. 
U ed p ropagation 
method 
Moist ure I 
content % I I  
Red ucing I 
sugars % I I  
Fruit weight I 
(gm) I I  
Seed weight I 
(gm) I T  
Seed length I 
(cm) I I  
Seed width I 
(cm) I I  
Offshoots 
52.82 a 
45 .31  b 
64.8 b 
68.6 a 
15 .22 a 
15 . 1 a 
0.94 a 
0.9 a 
1 .9 a 





54. 19 a 54. 19 a 
53.95 a 52.72 a 
64.2 b 7 1 .6 a 
67.2 a 69.2 a 
15 .04 b 15 .02 b 
15 a 1 4.4 b 
0.94 a 0.9 a 
0 .9 a 0.92 a 
1 .86 a 1 .84 a 
1 .84 a 1 .86 a 
0.74 a 0 .74 a 
0.78 a 0.74 a 





3 .9 1  
3 .66 
0. 1 







Table 33 : Phy ical and chemical characteristic of "Khlass date fruits harvested from 
f ld Ive-year-o trees. 
U ed propagation 
method 
Moi ture I 
content % I I  
Reducing I 
sugars % I I  
Frui t  weight I 
(gm) I I  
eed weight I 
(gm) I I  
Seed length I 
(em) I I  
Seed width I 
(em) I I  
Off hoot 




15 .0  a 
15 .08 a 
0 .9 a 
0.94 a 
1 .8 a 
1 .86 a 





39.45 b 55 .02 a 53.65 a 
38.42 d 47.63 b 5 1 .42 a 
65 a 68 a 68.6 a 
66.4 a 67 a 65 .6 a 
1 5 .0 a 14.24 b 14 . 1 2  b 
1 5 . 1  a 14 .08 b 14.08 b 
0.94 a 0.92 a 0 .9 a 
0.88 a 0.92 a 0.92 a 
1 .84 a 1 .84 a 1 .8 a 
1 .84 a 1 .84 a 1 .82 a 
0.78 a 0.78 a 0.74 a 
0.78 a 0.74 a 0.74 a 
* Values of the same letter are not significantly different at 0.05 level .  
LSD 
3.56 




0 . 1 3  
0.095 
0.092 
0. 1 18 
0 . 1 27 
0 .067 
0.07 
With regard to the mineral composition of " Khlass" date fruits harvested from three-
year old t rees, a influenced by the method of propagation, the data in Table 34 indicate 
that the nitrogen content in fruits harvested from trees originated from offshoots was 
significantly les than that of fruits harvested from trees that were derived from 
embryogenesis (AE/A) or (AE/B) sources. Moreover, embryogenesis (AE/A) source of 
t rees caused higher nitrogen content in the fruit than that of embryogenesis B. These 
trends were consistent in both analyses. Table  35 indicates that the fruit of five-year old 
t rees derived from organogenesis had a significantly lower amount of nitrogen than that 
of fru its sampled from trees originated from embryogenesis (AE/A) and (AE/B) . 
However, n itrogen determined in fruits of t rees derived from embryogenesis (AE/B) 
was higher than that determined in fruits of t rees derived from embryogenesis (AE/A). 
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However the phosphorous content, in  "Kblass' fruits harvested from both three-year 
and five-year old t ree was not significantly affected by the method of propagation used 
whether off hoot or embryogenesis (AE/A) or (AEIB). (Tables 34, 35). 
The pot a sium content in the ' Khlass' frui t  was affected by the method of propagation 
u ed. It was similar to that found with nitrogen :  that the potassium content in fruits 
harve ted from three-year old trees of offshoot origin was significantly less potassium 
than that of embryogenesi origin, while the potassium content in the fruit of five-year 
old "Kh lass' trees tended to be higher in  the case of using embryogenesis (AEIB) as 
compared with using offshoots. However, there was no consistent trend in the 
accumulat ion of potassium in the fruit  as the method of propagation was changed (Table 
35). 
However, the calcium content in  "Khlass" three-year old fruit as influenced by the 
method of propagation used was not affected in a consistent trend, but the two sources 
of m icro propagation (AE/A and AEIB) were consistent and similar to each other i n  
term of  their influence on  the calcium content in  the frui t  (Table 34) . Looking at 
calcium, the data i ndicate that using offshoots as the method of propagation has led to a 
significant increase in  the calcium content of " Khlass" fruits from five-year old trees as 
compared with others in  micro-propagation methods, namely organogenesis or 
e mbryogenesis (AE/A) and (AEIB). Moreover, "Khlass" fruit of trees generated from 
organogenesis had a consistently h igher amount  of calcium when compared with that 
generated from embryogenesis (AE/A) or (AEIB). Meanwhile, both sources of 
embryogenesis (AE/A) and (AEIB) were equally effective with regard to the 
accumulation of calcium in "Khlass" fruits harvested from five-year old trees. 
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The magne ium content in the fruit of three-year old "Khlass" trees derived from 
offshoot as significantly higher than that determined in the frui t  of these trees that 
were derived from embryogenesi AE/A or AEIE (Table 34). Percentage of magnesium 
in "Khla " fru it of five-year-old t rees varied in their response to the method of 
propagation. In general there wa no marked difference among all methods in their 
effect on the amount of magnesium in  the fruit (Table 35). 
Al l methods of propagation had a similar amount of sodium in their fruits, and no 
stati t ical difference was found between all methods used. Indeed, there was no 
significant difference in the sodium content among fruits of "Khlass" and "Barhee" 
cultivar harvested from both three-year and five-year old trees, which were derived by 
method of conventional propagation or micro-propagation. 
On the contrary, the iron content in the fruit of "Khlass" trees derived from offshoot 
was significantly lower than that determined in the fruit of trees originated from the 
source of embryogenesis (AEIE). However, t here was no difference between offshoots 
and embryogenesis A in terms of their effect on the iron content in the fru it of "Khlass" 
at this early age (three-year old), (Table 34) . Moreover, both sources of embryogenesis 
(AE/A) and (AEIE) were equally effective on the accumulation of iron in " Kblass" 
fruits that were harvested from five-year old trees. The two-embryogenesis sources 
(AE/A and AEIE) a lso resulted in a similar amount of iron compared with that obtained 
with the use of offshoot as the method of propagation . 
The copper determined in "Khlass" fruits of three-year old trees originated from 
offshoots was significantly higher than that originated from embryogenesis (AE/A) and 
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(AE/B). Furthermore, fruits of both sources of embryogenesis tended to have similar 
amount of copper (Table 34) . With regard to the copper content in  five-year old 
" Khla " tree it was found that frui ts harvested from trees derived from offshoots had 
a sign ificantly higher amount of copper than those fruits harvested from trees 
regenerated by either organogenesi or embryogenesis (AE/A) and (AE/B). Meanwhile, 
the lowe t copper content was found in  fruits that were harvested from trees originated 
from organogene is. Both ources of embryogenesis used in this research caused a 
imilar accumulation of copper in "Khlass" frui ts without any statistical difference 
between both sources. 
I t  was also found that the manganese determined in  "Khlass" fruits derived from three­
year old offshoots was higher than that derived from embryogenesis (AE/A) and 
(AEIB) , while fruits of embryogenesis (AE/B) origin had h igher manganese content 
than that fruits of embryogenesis (AE/A) origin .  The manganese content in five-year old 
"Khlass" fruits tended to increase as offshoots was the method of propagation i n  
comparison with the use of  either embryogenesis (AE/A) o r  (AEIB). 
The zinc content in three-year and five-year old "Khlass" fruits, on the other hand, did 
not vary significant ly among al l  conventional or micro-propagation methods used, as 
was the case with phosphorous and sodium. (Table 34) 
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Table 34: Mineral composition of "KhJass" date fruits harvested from three-year old 
trees 
U ed propagation 
O ffshoots 
Embryogenesis Embryogenesis LSD 
method AE/A AEfB 
N %  
I 0.084 a 0.088 a 0.088 a 0.01 
II  0.092 a 0.094 a 0.09 a 0 . 1 1  
P %  
I 0.78 b 1 .27 a 1 .26 a 0.33 
II 0.94 c 1 . 1 4  b 1 .32 a 0. 1 4  
K %  
I 0.22 a 0.04 b 0.02 b 0.0 1 7  
I I  0.02 b 0.034 a 0.036 a 0.006 
Ca % 
I 0.058 a 0.022 b 0.04 b 0.005 
I I  0.048 b 0.02 c 0.034 b 0.006 
Mg % 
I 0.003 a 0.023 a 0.031 a 0.028 
I I  0.021 a 0.006 a 0.006 a 0.022 
Na % 
I 5 .34 b 5 .2  b 5.76 a 0.22 
I I  5 .32 b 5 .2  b 5 .72 a 0.22 
Fe (ppm) I 7.36 a 6.2 a 6.24 b 0.37 
I I  7.40 a 6.2 b 6.24 b 0.34 
Cu (ppm) I 4.00 a 3 . 1  c 3.54 b 0. 1 
I I  4.02 a 3.08 c 3.52 b 0. 1 1  
M n  (ppm) I 3.54 a 3.88 a 4. 1 8  a 0.68 
I I  4.42 a 3 .76 a 4.08 a 0.59 
Zn (ppm) 
I 0.084 a 0.088 a 0.088 a 0.01 
I I  0.092 a 0.094 a 0.09 a 0. 1 1  
* Values of the same letter are not significantly different at 0.05 level . 
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Table 35:  Mineral composition of "Khlass" date fruits harvested from five-year old 
trees 
U ed propagation 
Offshoots Organogene is 
Embryogenesi Embryogenesi 
LSD method AE/A AE/B 
N %  
I 0.65 8 0.42 d 0.6 b 0.53 c 0.04 
II 0.65 8 0.44 c 0.54 b 0.62 8 0.04 
P % 
I 0. 13  8 0.09 b 0.09 b 0.09 b 0.02 
I I  0 . 1 3 8 0.09 b 0.09 b 0.09 b 0.02 
K % 
I 1 .07 c 1 .05 c 1 .27 b 1 .35 8 0.04 
I I  1 .06 b 1 .07 b 1 . 1 2  b 1 .25 8 0.07 
Ca % 
I 0. 1 2 8 0. 1 2 8 0.03 b 0 .04 b 0 .01 
II  0. 13  8 0. 13  8 0.03 b 0.03 b 0 .01  
Mg % 
I 0.038 b 0.054 8 0.032 8 0.038 b 0.008 
I I  0.028 c 0.052 8 0.036 8 0.04 b 0.007 
Na % 
I 0.023 8 0.022 8 0.024 b 0.02 1 8 0.034 
I I  0.024 8 0.022 8 0.0 14  b 0.032 8 0.032 
Fe (ppm) 
I 3.44 c 1 0.22 8 5 .2  b 5 .72 b 0.56 
I I  3.32 d 1 0.42 8 5 .2  b 5 .82 b 0.22 
Cu (ppm) 
I 5 .54 8 2 . 1 2  c 5 . 1 4  b 5 . 1 4  b 0.23 
I I  5 . 1 8 8 2 .28 b 5 . 1 4 8 5 . 1 4 8 0. 1 6  
M n  (ppm) 
I 1 .84 b 2 .84 a 0.28 d 0.44 c 0.07 
I I  1 .46 b 2.86 8 0.5 c 0.44 c 0.09 
Zn (ppm) 
I 3.90 a 4.46 8 4 .04 a 3.58 a 0.93 
I I  5 .04 8 4.96 8 4 .02 b 3.94 b 0.74 
. .  
* Values of the same letter are not sIgmflcantly dlfferent at 0.05 level .  
The Obtained re ul ts on physical and chemical characteristics of date palm fruits, as 
influenced by micro-propagation sources or offshoots d id not have any significant 
d ifference and were in agreement with those found by Al-Ghamdi (45), who found that 
the physical properties of date palm fruits and seeds from date palm trees propagated by 
t i  sue culture were similar to or better than those obtained from trees propagated by the 
conventional (offshoot). Fruit of all stages obtained from date palm trees propagated by 
t issue culture techniques were normal and equal to those obtained from trees propagated 
by offshoot, and there were no signs of abnormalities. 
In  another study, Al-Ghamdi and Al-Kahtani (44) examined some chemical 
characteristics of five date palm cult ivars regenerated by offshoots and embryogenesis. 
- 92 -
They found that the moi ture content of date fruits obtained from trees propagated e ither 
by ti ue culture or by conventional methods were very low, and that m ight be due to 
the ery hot and dry micro-cl imate surround ing the date palm tree. It was also found 
that there wa high similarity in most sugar content and sugar ratio when a comparison 
wa made between fruits harvested from trees derived from offshoots and those from 
embryogenesi . Further evidence on the difference between conventional methods of 
propagation and embryogenesis was also provided by Al-Ghamdi and Al-Kahtani (77) i n  
term of  fruit mineral content. No significant difference in most minerals studied was 
found, and there were no signs of mutations or abnormalities in tissue culture-derived 
plant . However, fru its of t issue palms tended to have h igher potassium and sodium 
content than those fruits of date palms propagated by offshoots. 
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VI. CONCLUSIONS 
Although the number of farm surveyed in  this study was very high (650), this 
inve tigation did not cover all the farm in the country. However, the data obtained 
from the different experiments provide valuable information to plant t issue culturists 
and date growers al ike regarding the trees-to-type ness and efficiency of the in v itro 
technique commercially used to propagate date pal m  in the UAE. In brief, the main 
conelu ion and recommendations of the present study are the fol lowing: 
• Except for a few cases, the abnormality percentage was very low and in  many 
cases, it did not exceed the l imit of one percent .  This will indeed strengthen the 
i mportance of tissue culture techniques as a reliable mean to propagate date 
palm. 
• The offshoots and plant material derived from organogenesis technique did not 
show any abnormality for the five studied cultivars. The leaf whitening that 
appeared with the organogenesis, produced trees of "Nabtet Seif' and "Sultana" 
appears to be a temporary phenomenon and the affected leaves turn back to their 
original green color. 
• There was a sl ight d ifference between direct (AE/B) and indirect (AE/A) asexual 
embryogenesis. It does not exceed 5 % (except for "Khlass" fertil ization fai lure 
(5.5 %) and dwarfism in "Sukkari" ( 1 7  %» . 
• The most sensitive cultivars to asexual embryogenesis-related abnormalities 
were " Kblass" and "Barhee", which showed 8 abnormalities (out of 9). 
"Sultana" and "Nabtet Seif' were the least sensitive cult ivars and presented only 
the leaf-whitening phenomenon . 
• The abnormal morphology and structure was found in  three cult ivars ("Khlass", 
"Barhee", and "Sukkari") that were multiplied by both techniques of asexual 







The percentage of dwarfism in "Sukkari" cultivar propagated by asexual 
e mbryogenesis reached 90 % in some in tances. I t  is therefore recommended to 
consider a more sui table propagation technique for this cultivar. 
The delay of flowering was only observed with "Barhee" plants derived from 
the indirect asexual embryogenesis (AE/A). However, this was only 0.9 
%.Similarly the carci ty in flowering was observed in  "Khlass" and "Barhee" 
tree with a highest ratio 4.4 % ("Khlass" - AE/B). 
The fertilization failure was found only in :  "Khlass" and "Barhee" multiplied 
via asexual embryogenesis. Uneven ripening observed seen in "Kblass" cultivar. 
The highest dwarfism rate ( 1 7.7 %) was observed in "Sukkari" plants 
propagated through the indirect asexual embryogenesis (AE/A). The other 
abnormalities, excessive vegetative growth and bastard offshoots, accused at a 
non-significant level. 
• Ti sue culture micropropagation of date palm using the asexual embryogenesis 
technique, particularly the indirect method, has been shown to yield some 
abnormalities in  plants this must be taken into consideration. In  large-scale 
mul t iplication, it is safer to confirm the true-to-typenes of derived plants . 
• The Obtained results on physical and chemical characterist ics of date palm 
fruit  , as influenced by micro-propagation sources or offshoots did not show any 
significant d ifference among the different propagation sources. 
• H istological examination of plantlets exhibiting absence of apical meristem 
showed that the appearance of this abnormality is not related to any pathogenic 
infection, probably genetic mutation is responsible for its appearance. 
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VIII. APPENDICES 
Pol lination Failure Detai led Results 
Variety: Khlass Source: Offshoot Date of plantation: 1991  
Inflorescence Number of fruits Multicarpel d istribution 
Total % % No. Bunch Total Pol l inated Parthenocarpic 2 3 4 5 6 parthenocarpic Parthenocarpy Pol l inated Spikelet 
Carpels Carpels Carpels Carpels Carpels 
1 42 1 420 1 1 1 1 00 
1 2 392 389 3 3 3 1 99 
3 4 15  4 10  5 5 5 1 99 
1 525 523 2 2 2 1 00 
2 2 5 1 6  5 1 2  4 4 4 1 99 
3 43 1 430 1 1 1 1 00 
1 495 495 1 00 
3 2 5 1 3 508 5 5 5 1 99 
3 539 539 1 00 
1 546 543 3 3 3 1 99 
4 2 522 520 2 2 2 1 00 
3 490 486 4 4 4 1 99 
1 429 426 3 3 3 1 99 
5 2 483 481 2 2 2 1 00 
3 509 505 4 4 4 1 99 
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Variety: Khlass Source: Offshoot Date of plantation: 1 993 
I n florescence Number of fru its Mul ticarpel d istribution 
Total % % 
No. Bunch Total Pol l inated Parthenocarpic 2 3 4 5 6 parthenocarpic Parthenocarpy Pol l inated Spikelet 
Carpels Carpels Carpels Carpels Carpe ls 
1 396 396 0 0 0 0 0 0 0 0 1 00 
1 2 4 1 8  4 18  0 0 0 0 0 0 0 0 1 00 
3 425 425 0 0 0 0 0 0 0 0 1 00 
1 485 485 0 0 0 0 0 0 0 0 1 00 
2 2 5 1 1 5 1 1 0 0 0 0 0 0 0 0 1 00 
3 528 528 0 0 0 0 0 0 0 0 1 00 
1 430 430 0 a a a a a a a 1 00 
3 2 5 1 2  5 1 2 a a a a 0 a a a 1 00 
3 506 506 a 0 0 a 0 0 0 0 1 00 
1 480 480 a a a a a a a 0 1 00 
4 2 501 501  0 a 0 a 0 0 0 0 1 00 
3 427 427 a 0 0 a 0 0 0 a 1 00 
1 5 1 8  5 1 8  a 0 0 0 0 a a 0 1 00 
5 2 541 541 a 0 0 a a 0 0 0 1 00 
3 478 478 a 0 0 0 0 0 0 0 1 00 I ---- ------
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Variety : Kblass Source: Offshoot Date of plantation :  1 995 
Inflorescence Number of fruits Mul t icarpel distribution 
Total % % No. Bunch Tota l  Pol l inated Parthenocarpic 2 3 4 5 6 parthenocarpic Parthenocarpy Pol l inated Spike let 
Carpels  Carpels Carpe ls Carpels Carpels 
1 468 468 0 0 0 0 0 0 0 0 1 00 
1 2 356 356 0 0 0 0 0 0 0 0 1 00 
3 42 1 421 0 0 0 0 0 0 0 0 1 00 
1 5 1 1  5 1 1  0 0 0 0 0 0 0 0 1 00 
2 2 431 431 0 0 0 0 0 0 0 0 1 00 
3 506 506 0 0 0 0 0 0 0 0 1 00 
1 387 387 0 0 0 0 0 0 0 0 1 00 
3 2 4 1 8  4 1 8  0 0 0 0 0 0 0 0 1 00 
3 493 493 0 0 0 0 0 0 0 0 1 00 
1 5 18 5 18 0 0 0 0 0 0 0 0 1 00 
4 2 492 492 0 0 0 0 0 0 0 0 1 00 
3 526 526 0 0 0 0 0 0 0 0 1 00 
1 461 461 0 0 0 0 0 0 0 0 1 00 
5 2 524 524 0 0 0 0 0 0 0 0 1 00 
3 493 493 0 0 0 0 0 0 0 0 1 00 
---
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Variety : Khlass Source: AE/A Date of plaota tion : 1 999 
Inflorescence Number of fru its Mult icarpel distribution 
Total % % No. Bunch Total Pol l inated Parthenocarpic 2 3 4 5 6 parthenocarpic Spikelet Parthenoca rpy Pol l inated 
Carpels Carpels Carpels Carpels Carpels 
1 45 270 221 49 20 1 7  1 2  1 8  45 
1 2 47 239 1 83 56 1 5  25 1 6  24 47 
3 48 240 1 83 57 28 1 8  1 1  24 48 
1 4 1  4 1 0  342 68 23 1 7  1 5  1 2  1 1 7  4 1  
2 2 43 344 280 64 2 1  1 8  1 2  10  3 1 9  43 
3 40 360 28 1 79 1 9  23 1 6  1 5  6 22 40 
1 47 235 177 58 1 7  23 7 8 3 25 47 
3 2 45 1 80 1 45 35 1 4  1 2  7 1 1 1 9  45 
3 40 240 1 88 52 1 5  23 6 3 5 22 40 
1 3 1  247 1 99 48 22 1 3  7 3 3 22 3 1  
4 2 37 296 24 1 55 27 1 5  3 8 2 2 1  37 
3 34 272 2 12  60 2 1  19  1 2  7 1 22 34 
1 4 1  287 239 48 2 1  1 3  1 2  1 1 1 7  4 1  
5 2 39 35 1 297 54 22 1 2  1 5  2 3 1 5  39 
3 42 336 284 52 24 1 5  1 1  0 2 1 5  42 
----- -
- 1 1 1  -
Variety : Khlass Source: AE/A Date of plantation: 2000 
Inflorescence Number of fru its Multicarpel d istribution 
Total % % No. Bunch Total Pol l inated Parthenocarpic 2 3 4 5 6 parthenocarpic Parthenocarpy Pol l inated Spikelet 
Carpels Carpels Carpels Carpels Carpels 
1 20 100 77 23 1 2  7 4 23 77 
1 2 2 1  94 68 26 1 5  4 7 1 9  8 1  
3 18  72 59 1 3  3 1 9 1 8  82 
1 2 1  1 05 83 22 5 1 3  4 2 1  79 
2 2 19  76 63 1 3  1 5 7 1 7  83 
3 23 92 73 1 9  1 1  5 3 21 79 
1 20 100 78 22 1 5  7 22 92 
3 2 20 1 40 1 1 5 25 1 2  1 3  2 1  96 
3 23 96 73 23 1 3  10  20 80 
1 20 80 63 1 7  9 3 5 21 79 
4 2 20 80 65 15  3 7 5 1 9  8 1  
3 19  95 76 1 9  8 1 1  20 80 
1 1 9  1 14 89 25 1 2  9 4 22 78 
5 2 19  105 86 1 9  6 1 3  29 7 1  
3 1 7  85 63 22 1 0  9 3 26 74 
---
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Variety: Kl11ass Source: AE/A Date of plantation: 2001 
I nflorescence Number of fruits Mult icarpei d istribution 
Total % % 
No. Bunch Total Pol l inated Parthenocarpic 2 3 4 5 6 parthenocarpic Parthenocarpy Pol l inated Spike let 
Carpels Carpels Carpels Carpels Carpels 
1 25 1 25 98 27 1 3  9 5 22 78 
1 2 2 1 84 64 20 1 5  2 3 24 76 
3 1 9  95 80 1 5  8 5 2 1 6  84 
1 26 106 77 29 1 3  1 2  1 3 27 73 
2 2 20 63 45 1 8  1 2  6 25 75 
3 23 92 74 1 8  1 4  2 2 20 80 
1 27 1 35 1 1 0 25 1 2  1 3  1 9  8 1  
3 2 20 80 60 20 1 1  9 25 75 
3 23 1 1 5  99 1 6  9 7 1 4  86 
1 28 1 40 1 10 30 1 4  16  2 1  79 
4 2 30 120 99 2 1  15  6 1 7  83 
3 27 1 35 1 08 27 1 2  1 1  4 20 80 
1 32 1 60 1 30 30 1 2  1 6  2 1 9  8 1  
5 2 27 135 1 1 1  24 1 1  1 3  18 82 
3 25 1 25 97 28 1 5  1 3  22 78 
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Variety: Khlass Source: AE/B Date of plantation : 1 999 
I n florescence Number of fru its Mult icarpel d istribution 
Total % % No. Bunch Total Pol l inated Parthenocarpic 2 3 4 5 6 parthenocarpic Parthenocarpy Pol l inated Spikelet 
Carpels Carpels Carpels Carpels Carpels 
1 50 550 350 200 200 200 36.4 63.6 
1 2 57 627 5 1 3  1 14 1 14 1 1 4 1 8  82 
3 33 990 1 65 825 396 297 1 32 825 83 1 7  
1 35 280 280 1 00 
2 2 42 462 2 1 0  252 252 252 55 45 
3 46 4 1 4  276 1 38 1 38 1 38 33 67 
1 36 1 80 1 80 1 00 
3 2 20 200 80 1 20 80 40 1 20 60 40 
3 40 440 320 1 20 1 20 120 27 73 
1 49 784 294 490 343 1 47 490 62 38 
4 2 39 429 273 1 56 1 56 1 56 36 64 
3 34 374 272 1 02 1 02 1 02 27 73 
1 39 858 390 468 468 468 55 45 
5 2 32 352 1 92 1 60 1 60 1 60 45 55 
3 25 250 1 75 75 75 75 30 70 
-_.---
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Variety: Khlass Sou rce: AE/B Date of plantation : 2000 
I nflorescence Number of fruits Mult icarpel d istribution 
No. Bunch 
Total % % 
Spike let 
Total Poll inated Parthenocarpic 2 3 4 5 6 parthenocarpic Parthenocarpy Poll inated 
Carpels Carpels Carpels Carpels Carpels 
1 4 1  1 62 132 30 2 27 1 30 1 8  82 
1 2 6 1  34 1 340 1 1 1 1 00 
3 25 1 88 183 5 4 5 3 97 
1 1 1  1 02 60 42 20 13  8 1 42 4 1 . 1 8  58.82 
2 2 7 36 20 16  1 9 5 1 36 44.44 55.56 
3 8 48 27 2 1  8 6 7 48 43.75 56.25 
1 35 207 109 98 3 1 4  98 47 53 
3 2 40 1 92 109 83 3 1 4  83 43 57 
3 3 1  324 321 3 3 1 99 ! 
1 20 1 65 100 65 1 34 29 1 12 1  39.39 60. 6 1  , 
4 2 20 1 1 1  80 3 1  1 5  7 9 82 27.93 72.07 
3 1 5  1 79 1 22 57 43 1 3  1 1 64 3 1 .84 68. 1 6  
1 23 1 2 1  64 57 4 35 1 1  7 57 47 53 
5 2 2 1  18 1  1 8  163 1 07 4 1  1 5  1 63 90 1 0  
3 25 224 35 1 89 2 1 34 35 1 7  1 89 84 1 6  
--
- 1 15 -
Variety: Khlass Sou rce: AE/B Date of plantation : 200 1 
I nflorescence Number of fruits Mult icarpel distribution 
Total % % 
No. Bunch Total Pol l inated Parthenocarpic 2 3 4 5 6 parthenocarpic Parthenocarpy PoI l inated Spikelet 
Carpels Carpels Carpels Carpels Carpels 
1 24 384 2 1 6  1 68 168 1 68 44 S6 
1 2 24 3 1 2  2 1 6  96 96 96 3 1  69 
3 20 220 220 100 
1 3 1  961 1 24 837 1 24 248 1 86 1 55 1 24 837 87 1 3  
2 2 26 1 56 1 56 1 00 
3 28 1 40 1 40 1 00 
1 34 306 306 1 00 
3 2 29 1 0 1 5  87 928 1 16 348 1 74 290 928 9 1  9 
3 3 1  1 86 1 86 1 00 
1 33 660 1 98 462 330 132 462 70 30 
4 2 24 3 1 2  1 68 1 44 72 72 1 44 46 S4 
3 3 1  496 1 55 341  62 2 1 7  62 34 1 69 3 1  
1 24 2 16  1 44 72 72 72 33 67 
5 2 26 390 1 30 260 1 04 78 78 260 67 33 
3 26 390 1 04 286 78 1 30 78 286 73 27 
- 1 16 -
Variety : Khlass Source: Organogenesis Date of pla n ta tion : 1 994 
Inflorescence Number of fru its Mult icarpel distribution 
Total % % No. Bunch Total Pol l inated Parthenocarpic 2 3 4 5 6 parthenocarpic Parthenocarpy Pol l inated Spike let 
Carpels Carpe ls Carpels Carpels  Carpels 
1 4 1  3 1 1  29 1 20 20 20 6 4 1  
1 2 39 282 255 27 27 27 1 0  39 
3 4 1  25 1 230 2 1  2 1  2 1  8 4 1  
1 44 257 240 1 7  1 7  1 7  7 44 
2 2 45 23 1 2 19  12  6 6 12 5 45 
3 42 336 3 19  1 7  1 1  6 1 7  5 42 
1 55 395 383 1 2  1 2  1 2  3 55 
3 2 54 158  147 1 1  4 7 1 1  7 54 
3 52 320 297 23 23 23 7 52 
1 4 1  22 1 205 16  3 8 5 1 6  7 4 ]  
4 2 46 194 1 83 1 1  7 2 2 1 1  6 46 
3 53 20 1 1 73 28 3 1 1  1 0  4 28 1 4  53 
1 46 396 357 39 7 32 39 1 0  46 
5 2 66 564 532 32 32 32 6 66 
3 67 837 8 15  22 22 22 3 67 
- 1 17 -
Variety: Barhee Source: Offshoot Date of plantation: 2000 
Inflorescence Number of fruits M u l t icarpel d istribution 
Total % % No. Bunch Total Pol l inated Parthenocarpic 2 3 4 5 6 parthenocarpic Parthenocarpy Pol l inated Spikelet 
Carpels Carpels  Carpels Carpels Carpels 
1 390 390 0 0 0 0 0 0 0 0 1 00 
1 2 381 38 1 0 0 0 0 0 0 0 0 1 00 
3 3 1 6  3 1 6  0 0 0 0 0 0 0 0 1 00 
1 480 480 0 0 0 0 0 0 0 0 1 00 
2 2 422 422 0 0 0 0 0 0 0 0 1 00 
3 409 409 0 0 0 0 0 0 0 0 1 00 
1 490 490 0 0 0 0 0 0 0 0 1 00 
3 2 501 501  0 0 0 0 0 0 0 0 1 00 
3 522 522 0 0 0 0 0 0 0 0 1 00 
1 452 452 0 0 0 0 0 0 0 0 1 00 
4 2 390 390 0 0 0 0 0 0 0 0 1 00 
3 372 372 0 0 0 0 0 0 0 0 1 00 
1 4 1 5  4 1 5  0 0 0 0 0 0 0 0 1 00 
5 2 52 1  52 1 0 0 0 0 0 0 0 0 1 00 
3 490 490 0 0 0 0 0 0 0 0 1 00 
I 
- 118 -
Variety: Barhee Source: Offshoot Date of Plantation:  1 99 1  
I n florescence Number of fru its Mult icarpeJ d istribution 
Total % % No. Bunch Total Pol l inated Parthenocarpic 2 3 4 5 6 parthenocarpic Parthenocarpy Poll inated Spikelet 
Carpels Carpels Carpels Carpels Carpels 
1 4 1  450 443 7 2 5 0 0 0 7 2 98 
1 2 39 403 403 0 0 0 0 0 0 0 0 1 00 
3 4 1  422 402 20 3 1 7  0 0 0 20 5 9S 
1 44 560 524 36 1 5  2 1  36 6 94 
2 2 45 541  536 5 2 3 5 1 99 
3 42 482 482 1 00 
1 55 477 469 8 3 5 8 2 98 
3 2 54 4 1 7  408 9 2 7 9 2 98 
3 52 481 475 6 3 3 6 1 99 
1 4 1  4 1 3  407 6 3 3 6 1 99 
4 2 46 490 490 1 00 
3 53 501  468 33 1 2  2 1  33 7 93 
1 46 522 508 1 4  1 1 3  1 4  3 97 
5 2 66 501 484 1 7  2 1 5  1 7  3 97 
3 67 471 453 1 8  1 1  7 1 8  4 96 
- 1 19 -
Variety: Barhee Source: Offshoot Date of Plantation: 1 995 
Inflorescence Number of fru its M u I ticarpel d istribu tion 
Total % % No. Bunch Total Pol l inated Parthenocarpic 2 3 4 5 6 parthenocarpic Parthenocarpy Pol l inated Spikelet  
Carpels Carpels Carpels C�els Carpels 
1 561  56 1  0 0 0 0 0 0 0 0 1 00 
1 2 520 520 0 0 0 0 0 0 0 0 1 00 
3 537 537 0 0 0 0 0 0 0 0 1 00 
1 499 499 0 0 0 0 0 0 0 0 1 00 
2 2 572 572 0 0 0 0 0 0 0 0 1 00 
3 5 1 5  5 1 5  0 0 0 0 0 0 0 0 1 00 
1 5 1 1  5 1 1  0 0 0 0 0 0 0 0 1 00 
3 2 502 502 0 0 0 0 0 0 0 0 1 00 
3 527 527 0 0 0 0 0 0 0 0 1 00 
1 554 554 0 0 0 0 0 0 0 0 1 00 
4 2 5 1 1  5 1 1  0 0 0 0 0 0 0 0 1 00 I 
3 490 490 0 0 0 0 0 0 0 0 1 00 
1 422 422 0 0 0 0 0 0 0 0 1 00 
5 2 4 1 3  4 1 3  0 0 0 0 0 0 0 0 1 00 
3 477 477 0 0 0 0 0 0 0 0 1 00 
- 1 20 -
Variety : Barhee Source: AE/A Date of Plantation: 2000 
I n florescence Number of fru its Mult icarpel d istribution 
Total % % 
No. Bunch Total Pol l inated Parthenocarpic 2 3 4 5 6 parthenocarpic Parthenocarpy Pol l inated Spikelet 
Carpels Carpels Carpels Carpels Carpels 
1 36 324 94 230 30 1 50 50 1 60 70.99 29.0 1 
1 2 3 1  2 1 2  52 1 60 13  1 1 5 32 139 75.47 24.53 
3 35 280 88 192 55 1 1 2 25 1 1 2 68.57 3 1 .43 
1 27 1 62 42 1 20 29 70 2 1  74.07 25.93 
2 2 32 1 60 44 1 1 6 50 37 29 72.50 27.50 
3 34 1 70 86 12 1  53 38 30 7 1 . 1 8 28.82 
1 43 301 80 221 50 1 1 0 6 1  73.42 26.58 
3 2 40 280 87 1 93 55 1 1 3  25 68.93 3 1 .07 
3 4 1  246 70 1 76 42 100 34 7 1 .54 28.46 
1 27 1 35 39 96 7 72 1 7  7 1 . 1 1 28.89 
4 2 25 1 50 35 1 15 20 65 30 76.67 23.33 
3 29 1 45 45 1 00 8 32 60 68.97 3 1 .03 
1 42 294 90 204 90 80 34 69.39 30.6 1 
5 2 4 1  287 78 209 92 8 1  36 72.82 27. 1 8  
3 43 250 67 1 83 100 33 50 73.20 26.80 
----
- 1 2 1  -
Variety: Barhee Source: AE/A Date of Pla ntation : 1 999 
Inflorescence Number of fru its Mult icarpel distribution 
Total % % No. Bunch Total Pol l inated Parthenocarpic 2 3 4 5 6 parthenocarpic Parthenocarpy Pol l inated Spikelet 
Carpels  Carpels Carpels Carpels Carpels 
1 1 22 40 82 52 30 67.2 1 32.79 
1 2 1 64 44 1 20 35 70 5 1 0  73. 1 7  26.83 
3 1 24 42 82 22 42 1 8  66. 1 3  33.87 
1 1 98 62 1 36 46 58 32 68.69 3 1 .3 1  
2 2 185 62 123 3 1  62 30 66.49 33.5 1 
3 1 44 40 102 34 46 22 70.83 29. 1 7  
1 222 62 1 60 44 90 26 72.07 27.93 
3 2 1 60 40 1 20 28 70 22 75.00 25.00 
3 205 64 1 4 1  68 42 3 1  68.78 3 1 .22 I 
1 2 10  74 1 36 70 33 33 64.76 35.24 
4 2 1 65 40 1 25 48 52 25 75.76 24.24 
I 
3 1 56 46 1 10 25 65 20 70.5 1 29.49 
1 246 89 1 57 34 89 34 63.82 36. 1 8  
5 2 1 60 40 120 35 70 1 5  75.00 25.00 
3 220 80 1 40 70 37 33 63.64 36.36 
-- ---
- 1 22 -
Variety: Barhee Source: AE/A Date of Plantation: 2000 
In  n 0 reseen ce Number of fru its Mul t icarpel d istribution 
Total  % % No. Bunch Total Pol l inated Parthenocarpic 2 3 4 5 6 parthenocarpic Parthenoearpy Pol l inated Spikelet 
Carpels Carpels Carpels Carpels Carpels 
1 452 450 2 1 1 2 1 00 
1 2 375 369 6 2 4 6 2 98 
3 4 13  400 1 3  3 1 0  1 3  3 97 
1 462 457 5 3 2 5 1 99 
2 2 50 1 501 1 00 
3 422 4 1 5  7 7 7 2 98 
1 4 1 6 4 1 0  6 6 6 1 99 
3 2 380 360 20 8 1 2  20 5 95 
3 407 403 4 4 4 1 99 
1 492 482 1 0  1 0  1 0  2 98 
4 2 520 502 1 8  1 8  1 8  3 97 
3 5 1 1  501  1 0  2 8 1 0  2 98 
1 5 1 0  506 4 4 4 1 99 
5 2 431 420 1 1  1 1  1 1  3 97 
3 400 400 1 00 
- 123 -
Variety: Barhee Source: AE/B Date of Plantatioo: 1 999 
I n florescence Number of fru its Mul t icarpel d istribution 
Total % % 
No. Bunch Total Poll inated Parthenocarpic 2 3 4 5 6 parthenocarpic Parthenocarpy Pol l inated Spikelet  
Carpels Carpe ls Carpels Carpels Carpels 
1 30 750 750 0 0 0 0 0 0 0 0 1 00 
1 2 41  1 1 89 1 1 89 0 0 0 0 0 0 0 0 1 00 
3 43 8 17  8 17  0 0 0 0 0 0 0 0 1 00 
1 36 648 576 72 72 72 1 1  89 
2 2 46 1 1 50 1 1 50 0 0 0 0 0 0 0 0 1 00 
3 52 1 352 1 352 0 0 0 0 0 0 0 0 1 00 
1 46 1 150 1 1 50 0 0 0 0 0 0 0 0 1 00 
3 2 47 1034 1034 0 0 0 0 0 0 0 0 1 00 
3 48 1 440 1440 0 0 0 0 0 0 0 0 1 00 
1 55 1 375 1 265 1 10 1 10 1 10 8 92 
4 2 52 1 1 96 1 1 96 0 0 0 0 0 0 0 0 1 00 
3 53 1 1 66 1 1 66 0 0 0 0 0 0 0 0 1 00 
1 52 1560 1 560 0 0 0 0 0 0 0 1 00 
5 2 42 924 924 0 0 0 0 0 0 0 0 1 00 
3 42 882 882 0 0 0 0 0 0 0 0 1 00 I 
- 1 24 -
Variety : Barhee Source: AE/B Date of Pla ntation: 1998 
Inflorescence Number of fruits M u lticarpel distribution 
Total % % No. Bunch Total Pol l inated Parthenocarpic 2 3 4 5 6 parthenocarpic Parthenocarpy Pol l inated Spikelet 
Carpels Carpels Carpels Carpels Carpels 
1 30 600 600 0 0 0 0 0 0 0 0 1 00 
1 2 28 588 588 0 0 0 0 0 0 0 0 1 00 
3 26 624 624 0 0 0 0 0 0 0 0 1 00 
1 45 1 440 1440 0 0 0 0 0 0 0 0 1 00 
2 2 28 988 988 0 0 0 0 0 0 0 0 1 00 
3 26 624 624 0 0 0 0 0 0 0 0 1 00 
] 42 630 630 0 0 0 0 0 0 0 0 1 00 
3 2 46 690 690 0 0 0 0 0 0 0 0 1 00 
3 36 756 756 0 0 0 0 0 0 0 0 1 00 
1 48 9 12  9 12  0 0 0 0 0 0 0 0 1 00 
4 2 46 782 782 0 0 0 0 0 0 0 0 1 00 
3 42 798 798 0 0 0 0 0 0 0 0 1 00 
1 34 306 306 0 0 0 0 0 0 0 0 1 00 
5 2 42 336 336 0 0 0 0 0 0 0 0 1 00 
3 4 1  574 574 0 0 0 0 0 0 0 0 1 00 
- 1 25 -
Variety: Barhee Source: AE/B Date of Plantation: 1 996 
I n florescence Number of fru its Multicarpel distribution 
Total % % No. Bunch Total Pol l inated Parthenocarpic 2 3 4 5 6 parthenocarpic Parthenocarpy Poll inated Spikelet 
Carpels Carpels  Carpels Carpels Carpels 
1 900 900 0 0 0 0 0 0 0 0 1 00 
1 2 980 980 0 0 0 0 0 0 0 0 1 00 
3 750 750 0 0 0 0 0 0 0 0 1 00 
1 650 650 0 0 0 0 0 0 0 0 1 00 
2 2 63 1 63 1 0 0 0 0 0 0 0 0 1 00 
3 722 720 2 0 2 0 0 0 2 0 1 00 
1 47 1 470 1 0 1 0 0 0 1 0 1 00 
3 2 4 1 3  4 1 3  0 0 0 0 0 0 0 0 1 00 
3 390 387 3 0 3 0 0 0 3 1 99 
1 382 382 0 0 0 0 0 0 0 0 1 00 
4 2 390 386 4 1 3 0 0 0 4 4 99 
3 4 10 4 10  0 0 0 0 0 0 0 0 1 00 
1 400 400 0 0 0 0 0 0 0 0 1 00 
5 2 472 472 0 0 0 0 0 0 0 0 1 00 
3 395 395 0 0 0 0 0 0 0 0 1 00 
- 126 -
Variety: Barhee Source: organogenesis Date of Planta tion: 1 993 
Inflorescence Number of fru i ts Mul t icarpel distribution 
Total % % No. Bunch Total  Pol l inated Parthenocarpic 2 3 4 5 6 parthenocarpic Parthenocarpy Pol l inated Spikelet 
Carpels Carpels Carpels  Carpels Carpels 
1 34 560 536 24 24 24 4 96 
1 2 46 404 292 1 12 1 1 2 1 1 2 28 72 
3 44 745 730 1 5  1 5  1 5  2 98 
1 69 1 377 1 358 19  1 9  1 9  1 99 
2 2 65 1 1 69 1 152 1 7  8 9 1 7  1 99 
3 43 643 63 1 1 2  1 2  1 2  2 98 
1 64 1 285 1 277 8 8 8 1 99 
3 2 4 1  633 628 5 5 5 1 99 
3 40 600 600 1 00 
1 47 1073 1 059 1 4  1 4  1 4  1 99 
4 2 37 629 621 8 8 8 1 99 
3 34 629 629 1 00 
1 42 9 14  909 5 5 5 1 99 
5 2 40 852 849 3 3 3 1 00 
3 48 849 843 6 6 6 1 99 
---- � - ---- --
- 1 27 -
% Nitrogen 
Standard 
Tree 1 Tree 2 Tree 3 Tree 4 Tree 5 Average deviation 
Offshoot 0.56 0.53 0.49 0.56 0.54 0.54 0.03 
Organogenesis 
AE/A 0.67 0.6 0.61 0.67 0.62 0.63 0.03 
� AE/B 0.64 " 0.62 0.64 0.66 0.59 0.63 0.03 ., >, 
M Offshoot 0.58 0.5 1 0.53 0.54 0.57 0.55 0.03 
Organogenesis 
AE/A 0.61 0.66 0.65 0.61 0.6 0.63 0.03 ., c.> AE/B 0.5 1 0.5 0.57 0.53 0.49 0.52 0.03 -e '" 
l!l Offshoot 0.68 0.61  0.67 0.68 0.61 0.65 0.04 
Organogenesis 0.39 0.42 0.4 1 0.47 0.39 0.42 0.03 
AE/A 0.61 0.59 0.57 0.61 0.61 0.60 0.02 
l': AE/B 0.52 0.5 1 0.04 '" 0.49 0.53 0.59 0.53 ., >. 
V) Offshoot 0.67 0.61 0.66 0.65 0.61 0.64 0.03 
Organogenesis 0.42 0.49 0.43 0.41 0.46 0.44 0.03 
AE/A 0.53 0.56 0.52 0.57 0.5 1 0.54 0.03 
AE/B 0.64 0.64 0.62 0.61 0.59 0.62 0.02 
Offshoot 0.49 0.43 0.5 0.41 0.43 0.45 0.04 
Organogenesis 
AE/A 0.66 0.61 0.63 0.67 0.67 0.65 0.03 
� AE/B 0.52 0.57 0.5 1 0.52 0.49 0.52 0.03 co ., >, 
M Offshoot 0.48 0.47 0.5 1 0.49 0.4 1 0.47 0.04 
Organo.genesis 
AE/A 0.65 0.6 0.67 0.59 0.63 0.63 0.03 
<n 0.02 '" AE(8 0.5 1 0.57 0.53 0.56 0.55 0.54 '" � Offshoot 0.5 ] 0.52 0.49 0.57 0.52 0.52 0.03 
Organogenesis 0.4 1 0.43 0.4 0.46 0.42 0.42 0.02 
AE/A 0.52 0.53 0.53 0.56 0.5 1 0.53 0.Q2 
l': AE(8 0.63 0.61 0.63 0.67 0.6 0.63 0.03 '" '" >, 
V) Offshool 0.49 0.5 0.52 0.47 0.43 0.48 0.03 
Organogenesis 0.43 0.42 0.39 0.4 0041 0041 0.Q2 
AE/A 0.54 0.52 0.51 0.55 0.5 0.52 0.02 




Tree 1 Tree 2 Tree 3 Tree 4 Tree 5 Avera.Ae deviation 
Offshoot 0.08 0.1 0. 1 1  0.08 0.09 0.09 om 
Organogenesis 
AEJA 0.1 0.09 0.1 0. 1 0.09 0. 1 0  0.01 � AEJB 0.09 co 0.09 0.08 0.08 0.08 0.08 om .., >, 
M Offshoot 0. 1 2  0.1 2  0. 1 3  0.15 0. 1 3  0.01 
Organogenesis 0.1  
AEJA 0.1 0.09 0.08 0. 1 0.08 0.09 0.01 
<> .., AEJB 0.1 0.1 0.12 0.09 0.09 0.10 0.01 of: <0 
p:) Offshoot 0 1 5 0.1 2  0.08 0. 1 5  0.1 3  0. 1 3  0.03 
Organogenesis 0.09 0.09 0.09 0.08 0.08 0.09 0.01 
AEJA 0.08 0.08 0.09 0. 1 0.1 0.09 0.01 
� AEJB 0.09 0.09 0. 1 2  0.09 0.09 0.02 ., 0.08 .., >, 
V) Offshoot 0. 1 6  0. 1 2  0.09 0. 1 5  0.13 0. 1 3  0.03 
Organogenesis 0.08 0.08 0.09 0.08 0.1 0.09 om 
AEJA 0.09 0.1 0.09 0.08 0.09 0.09 0.01 
AEJB 0.09 0.1  0.09 0.08 0.08 0.09 0.01 
Offshoot 0.09 0.09 0.08 0.08 0.08 0.08 0.01 
Organogenesis 
AE/A 0.08 0.09 0.09 0.08 0.1 0.09 0.01 
� AEJB 0 09 0.1 0.09 0.08 0.08 0.09 0.01 ., .., >, 
C'I Offshoot 0.08 0.09 0. 1 0.09 0. 1 0.09 0.01 
Organogenesis 
AEJA 0.09 0.08 0.1 0.1 0. 1 0.09 0.01 
III AEJB 0.1  0.08 0.09 0.09 0.09 0.09 0.01 � :<: � Offshoot 0. 1 0. 1 1  0.1 0.09 0.1 1  0. 1 0  0.01 
Organogenesis 0.09 0.08 0.08 0.08 0.09 0.08 0.01 
AElA 0.08 0.09 0.09 0.08 0.1 0.09 0.01 
l.'2 AEJB 0.08 0. 1 0.09 0.08 0.08 0.09 0.01 '" .., >, 
II"l Offshoot 0.09 0.09 0.09 0.08 0.08 0.09 0.01 
Organogenesis 0.09 0.09 0.09 0.08 0.1 0.09 0.01 
AE/A 0.08 0.1 0.08 0.08 0.09 0.09 0.01 
AEJB 0.1  0.09 0.08 0.08 0.1 0.09 0.01 
- 1 30 -
% Potassium 
Standard 
Tree 1 Tree 2 Tree 3 Tree 4 Tree 5 Average deviation 
Offshoot 0.96 0.97 1 0.98 0.96 0.97 0.02 
Organogenesis 
AFJA 1 .8 1 .8 1 .79 1 .3 1  1 1 .54 0.37 
!::! AEIB 1 .3 '" 1 . 1 7  1 .07 1 .08 1 .08 1 . 14 0. 1 0  '" >. 
M Offshoot 0.97 0.93 0.97 0.99 0.99 0.97 0.02 
Organogenesis 
AFJA 1 .28 1 .22 1 . 1 3  l . l 9  1 .26 1 .22 0.06 ., ., AE/B 1 .62 1 .65 1 .3 1  1 .09 1 . 5 1  1 .44 0.23 -E '" 
P:l Offshoot 1 .06 1 .09 1 .03 1 .09 1.06 1 .07 0.03 
Organogenesis 1 .03 1 .02 1 .01 1 .07 l . l 1  1 .05 0.04 
AFJA 1 .28 1 .23 1 .29 1 .28 1 .25 1 .27 0.03 
� AE/B 1 .36 '" 1 .3 1  1 .39 1 .36 1 .33 1 .35 0.03 '" >. 
on Offshoot 1 .08 1 1 .08 1 .09 1 .06 1 .06 0.04 
Organogenesis 1 .07 1 .06 1 .08 1 .09 1 .07 1 .07 0.01 
AFJA 1 . 1 1  1 . 16 1 .09 1 . 1 2  l . l 1  1 . 1 2 0.03 
AE/B 1 .32 1 .33 1 .29 1 . 1 1  1 . 19 1 .25 0.09 
Offshoot 0.96 0.92 0.09 0.99 0.93 0.78 0.39 
Organogenesis 
AFJA 1 .24 1 .27 1 . 1 3  1 .2 1  1 .52 1 .27 0.1 5  
� AE/B 1 .3 1  1 .2 1  1 .3 1  1 . 1 6  1 .29 1 .26 0.07 '" '" >. 
M Offshoot 0.98 0.87 0.99 0.98 0.97 0.96 0.05 
Organogenesis 
AFJA 1 . 1 9  1 . 1 1  1 . 1 7  1 . 1 3 1 . 1 1  1 . 14  0.04 
'" 0. 1 5  '" AEIB 1 .3 1  1 .22 1 .52 1 .4 1  1 . 1 3  1 .32 '" � Offshoot 1 .02 1 .01 1 .03 1 .05 1 .06 1 .03 0.02 
Organogenesis 0.97 0.93 0.96 0.91 0.95 0.94 0.02 
AFJA 1 .09 1 .07 1 .03 1 .01 1 .08 1 .06 0.03 
� AEIB 1 . 19 1 .23 1 . 1 9  1 . 1 5  1 .52 1 .26 0. 1 5  � OJ >. 
1 .03 1 . 9  1 .34 0.42 on Offshoot 1 .07 1 .01 1 .7 
Organogenesis 0.98 0.98 0.97 0.93 0.91 0.95 0.03 
AFJA 1 .08 1 .07 1 .07 1 .08 1 .09 1 .08 0.01 
AEfB 1 1 .09 1 1 .03 1 .09 1 .04 0.05 
- 1 3 1  -
% Calc ium 
Standard 
Tree 1 Tree 2 Tree 3 Tree 4 Tree 5 Average deviation 
Offshoot 0. 1 6  0.1 2  0. 13 0. 1 6  0. 1 1  0.14 0.02 
Organogenesis 
AFJA 0.04 0.04 0.04 0.04 0.04 0.04 0.00 � 
AE/B "" 0.03 0.04 0.03 0.04 0.04 0.04 0.01 ., >. 
M Offshoot 0.014 0.013  0.014 0.016 0.016  0.01 0.00 
Organogenesis 
AE/A 0.03 0.03 0.02 0.03 0.04 0.03 0.01 
:l AE/B 0.02 0.02 0.02 0.02 0.02 0.02 0.00 -E "" 
.0 Offshoot 0. 1 2  0. 1 3  0.12 0. 1 2  0 . 1  1 0. 1 2  0.01 
Organogenesis 0. 1 3  0. 1 3  0.13 0. 1 1  0. 1 2  0.1 2  0.01 
AFJA 0.04 0.04 0.03 0.02 0.4 0. 1 1  0. 1 6  � AE/B 0.Q3 0.03 0.01 "" 0.03 0.04 0.04 0.03 ., >. 
V') Offshoot 0. 1 2  0. 1 2  0.13 0. 1 3  0.14 0.13 om 
Organogenesis 0. 1 3  0. 1 3  0.013 0. 1 2  0. 1 3  0.10 0.05 
AFJA 0.04 0.02 0.03 0.04 0.04 0.03 0.01 
AE/B 0.04 0.02 0.03 0.03 0.04 0.03 0.01 
Offshoot 0.24 0.2 0.24 0.2 1 0.2 0.22 0.02 
Organogenesis 
AFJA 0.03 0.04 0.04 0.03 0.04 0.04 0.01 
� AE/B 0.02 0.02 0.02 0.02 0.02 0.02 0.00 .. ., >. 
M Offshoot 0.02 0.02 0.02 0.02 0.02 0.02 0.00 
Organogenesis 
AFJA 0.04 0.04 0.03 0.03 0.03 0.03 0.01 
'" 
0.04 0.04 0.01 or. AE/B 0.03 0.03 0.04 0.04 � .s:; � Offshoot 0.2 0.2 0.21 0.21 0.23 0.21 0.01 
Organogenesis 0. 1 0. 1 0. 1 0. 1 1  0. 1 1  0.10 0.01 
AFJA 0.04 0.04 0.04 0.03 0.04 0.04 0.00 
� AE/B 0.04 0.04 0.04 0.04 0.03 0.04 0.00 '" OJ >. 
v; Offshoot 0.21 0.22 0.23 0.2 0.2 0.21 0.01 
Organogenesis 0.1 1 0. 1 1  0.1 0. 1 1  0. 1 1  0.1 1 0.00 
AFJA 0. 1 1  0.02 0.02 0.02 0.02 0.04 0.04 




Tree 1 Tree 2 Tree 3 Tree 4 Tree 5 Aver�e deviation 
Offshoot 0.02 0.02 0.03 0.02 0.02 0.02 0.00 
Organogenesis 
AFJA 0.03 0.03 0.03 0.03 0.01 0.03 0.01 � AE/B 0.02 '" 0.02 0.03 0.03 0.02 0.02 0.01 ... >. 
<'l Offshoot 0.04 0.04 0.03 0.03 0.04 0.04 0.01 
Organogenesis 
AFJA 0.04 0.04 0.03 0.04 0.04 0.04 0.00 ... ., AE/B 0.02 0.02 0.03 0.03 0.02 0.02 0.01 -E '" 
CO Offshoot 0.04 0.04 0.03 0.04 0.04 0.04 0.00 
Organogenesis 0.06 0.05 0.04 0.06 0.06 0.05 0.01 
AFJA 0.03 0.03 0.03 0.03 0.04 0.03 0.00 � AEJB 0.04 0.04 0.04 0.03 0.04 0.00 '" 0.04 ., >. 
V) Offshoot 0.03 0.03 0.03 0.03 0.02 0.03 0.00 
Organogenesis 0.06 0.05 0.05 0.06 0.04 0.05 0.01 
AFJA 0.04 0.04 0.04 0.03 0.03 0.04 0.01 
AEJB 0.04 0.04 0.04 0.04 0.04 0.04 0.00 
Offshoot 0.06 0.06 0.06 0.05 0.06 0.06 0.00 
Organogenesis 
AFJA 0.02 0.02 0.02 0.03 0.02 0.02 0.00 '" � AE/B 0.04 0.04 0.04 0.04 0.04 0.04 0.00 ., » 
<'l Offshoot 0.05 0.05 0.05 0.04 0.05 0.05 0.00 
Organogenesis 
AFJA 0.02 0.02 0.02 0.02 0.02 0.02 0.00 
V> AFJB 0.04 0.04 0.03 0.03 0.03 0.01 '" 0.03 '" � Offshoot 0.06 0.05 0.04 0.04 0.04 0.05 0.01 
Organogenesis 0.05 0.05 0.06 0.05 0.05 0.05 0.00 
AFJA 0.01 0.02 0.02 0.01 0.02 0.02 0.01 
l:2 AFJB 0.01 0.01 0.01 0.02 0.03 0.02 0.01 '" ., » 
V) Offshoot 0.05 0.03 0.04 0.05 0.05 0.04 0.01 
Organogenesis 0.06 0.05 0.05 0.03 0.04 0.05 0.01 
AE/A 0.04 0.04 0.04 0.03 0.03 0.04 0.01 
AFJB 0.05 0.05 0.05 0.0-1 0.04 0.05 0.01 
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% Sod i u m  
Standard 
Tree 1 Tree 2 Tree 3 Tree 4 Tree 5 Aver�e deviation 
Offshoot 0.005 0.005 0.001 0.005 0.05 0.01 0.02 
Organogenesis 
AE/A 0.05 0.001 0.05 0.005 0.01 0.02 0.02 � AE/B 0.05 0.05 0.01 " 0.005 0.001 0.02 0.02 <.> '" 
M Offshoot 0.001 0.005 0.01 0.05 0.01 0.D2 0.02 
Organogenesis 
AE/A 0.05 0.05 0.005 0.001 0.005 0.02 0.03 
OJ 
AE/B OJ 0.005 0.01 0.05 0.001 0.005 0.01 0.02 -E '" 
to Offshoot 0.05 0.005 0.05 0.005 0.005 0.02 0.02 
Organogenesis 0.001 0.05 0.05 0.005 0.005 0.02 0.03 
AE!A 0.005 0.05 0.05 0.005 0.01 0.02 0.02 
� AE/B 0.001 0.005 '" ., 0.05 0.001 0.05 0.02 0.03 >, 
V) Offshoot 0.05 0.005 0.05 0.005 0.01 0.02 0.02 
Organogenesis 0.05 0.005 0.005 0.001 0.05 0.02 0.03 
AE/A 0.005 0.05 0.005 0.01 0.001 0.01 0.02 
AE/B 0.05 0.05 0.05 0.01 0.001 0.03 0.02 
Offshoot 0.005 0.001 0.00 1  0.001 0.005 0.00 0.00 
Organogenesis 
AE/A 0.05 0.01 0.005 0.05 0.001 0.02 0.02 
� AE/B 0.05 0.05 0.005 0.05 0.001 0.03 0.03 '" ., >, 
M Offshoot 0.001 0.05 0.001 0.001 0.05 0.02 0.03 
Organogenesis 
AE/A 0.001 0.01 0.01 0.005 0.005 0.01 0.00 
v: AE/B 0.005 0.01 0.01 0.001 0.005 0.01 0.00 V) .!! .<= 
0.005 0.001 0.005 0.005 0.05 0.01 0.02 � Offshoot 
Oroanogenesis 0.001 0.005 0.005 0.005 0.005 0.00 0.00 
AE/A 0.005 0.05 0.01 0.005 0.01 0.02 0.02 
en 
0.05 0.05 0.05 0.001 0.001 0.03 0.03 '" AE/B " >, 
V) Offshoot 0.01 0.005 0.01 0.001 0.001 0.01 0.00 
Organogenesis 0.001 0.005 0.05 0.01 0.005 0.01 0.02 
AEJA 0.05 0.001 0.0 1 0.05 0.01 0.02 0.02 
AE/B 0.05 0.01 0.05 0.05 0.01 0.03 0.02 
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Iron Concen tration (ppm) 
Standard 
Tree 1 Tree 2 Tree 3 Tree 4 Tree 5 Aver�e deviation 
Offshoot 3.4 3.2 3 3A 3.5 3.30 0.20 
Organogenesis 
AE/A 5.2 5 . 1  5 3  5.2 5.2 5.20 0.07 � AE!B � 5.5 5.80 5.80 5.7 5.8 5.72 u >. 
M Offshoot 3.6 3.9 3.1  3.9 3A 3.58 0.34 
Organogenesis 
AFJA 5.2 5.1 5.3 5.2 5.2 5.20 0.07 u ., AE!B 5.5 5.80 5.80 5.7 5.8 5.72 0. 1 3  -€ " 
III Offshoot 3 3.6 3.5 3.5 3.6 3.44 0.25 
O�anogenesis 10.7 10 9 lOA 1 1  10.22 0.78 
AE/A 5.2 5.1  5 .3 5.2 5.2 5.20 0.07 � AE!B 5.5 5.80 0.1 3  � 5.80 5.7 5.8 5.72 ., >. 
on Offshoot 3.6 3A 3A 3.2 3 3.32 0.23 
Organogenesis l OA 10.1 10.5 10.7 l OA 10A2 0.22 
AE/A 5.2 5 . 1  5.3 5.2 5.2 5.20 0.07 
AE!B 5 .9 5.80 5.80 5.7 5.9 5.82 0.08 
Offshoot 5.4 5.5 5 . 1  5 . 1  5.6 5.34 0.23 
Organogenesis 
AFlA 5.2 5.1  5 .3 5.2 5.2 5.20 0.07 
� AFlB 5.5  5.80 5.80 5.9 5.8 5.76 0. 1 5  '" '" >. 
M Offshoot 5 .2  5 .3  5.5 5.6 5 5.32 0.24 
Organogenesis 
AE/A 5.2 5.1  5 .3 5.2 5.2 5.20 0.07 
v: 
0. 1 3  v: AE!B 5.5 5.80 5.80 5.7 5.8 5.72 " :c 
� Offshoot 5.5 5.9 5 5.3 5.4 5.42 0.33 
Organogenesis 1 7  1 0  1 3  1 7  1 7  1 4.80 3 . 1 9  
AFlA 5.2 5.1 5.3 5.2 5.2 5.20 0.07 
� AE!B 5.5 5.80 5.80 5.7 5.8 5.72 0. 1 3  " ., >. 
5.3 5.4 5 . 1  5 .4 5.30 0.1 2  on Offshoot 5.3 
Organogenesis 1 5  1 5  1 2  1 0  10.4 1 2.48 2.42 
AE/A 5.2 5.4 5.3 5.2 5.2 5.26 0.09 
AFlB 5.5 5.80 5 .90 5.7 5.8 5 .74 0. 1 5  
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COl 'per Concentration (ppm) 
Standard 
Tree 1 Tree 2 Tree 3 Tree 4 Tree 5 Average deviation 
Offshoot 5.2 5 . 1  5 5.3 5.2 5 . 16  0. 1 1  
Organogenesis 
AEJA 5 . 1  5 . 1  5.2 5.2 5 . 1  5 . 1 4  0.05 � AfJB 5 . 1  '" 5 . 1  5 2  5.2 5 . 1  5 . 14  0.05 <> >. 
M Offshoot 5.2 5.3 5 5 5.3 5 . 1 6  0 . 1 5  
Organogenesis 
AE/A 5 . 1  5 . 1  5.2 5.2 5.1 5 . 1 4  0.05 u u AE/B 5.1  5 . 1  5 .2  5.2 5 . 1  5 . 14  0.05 -E ... 
Offshoot C:Q 5.7 5.7 5.6 5.7 5 5.54 0.30 
Organogenesis 2.2 2 . 1  2 2 2.3 2 . 1 2  0.1 3  
AFJA 5.1  5 . 1  5 .2  5 .2  5.1  5 . 1 4  0.05 
� AFJB 5 . 1  5 . 1  5 . 2  5 . 1 4  0.05 '" 5.2 5.1 .., >. 
Vl Offshoot 5.2 5.3 5.1 5.1 5.2 5 .18 0.08 
Organogenesis 2.3 2.6 2.3 2.1 2 .1  2.28 0.20 
AEJA 5 . 1  5 . 1  5.2 5.2 5 . 1  5 . 14  0.05 
AfJB 5 . 1  5 . 1  5 .2  5.2 5 . 1  5 . 14  0.05 
Offshoot 7.8 7.9 7 7 7.1  7.36 0.45 
Organogenesis 
AEJA 6.2 6 . 1  6.3 6.2 6.2 6.20 0.07 
l'1 AFJB 6.3 6.1 6.3 6.3 6.2 6.24 0.09 '" " >. 
M Offshoot 7. 1 7 . 1  7 . 1  7.9 7.8 7.40 0.41 
Organogenesis 
AEJA 6.2 6.1  6.3 6.2 6.2 6.20 0.07 
en 
6.3 6.2 6.24 0.09 en AFJB 6.1  6.3 6.3 '"" � Offshoot 7.6 7.6 7.1 7.2 7.5 7.40 0.23 
Organogenesis 2.3 2 . 1  2.5 2.3 2.5 2.34 0. 1 7  
AE/A 6.2 6. 1 6.3 6.2 6.2 6.20 0.Q7 
i:'! AFJB 6.3 6.1  6.3 6.3 6.2 6.24 0.09 '"" '"' >. 
Vl Offshoot 7.8 7 . 1  7 . 1  7.8 7.6 7.48 0.36 
Organogenesis 2.3 2.5 2.9 2.2 2.3 2.44 0.28 
AEJA 6.2 6.1 6.3 6.2 6.2 6.20 0.07 
AfJB 6.3 6.1  6.4 6.3 6.2 6.26 0. 1 1  
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Manganese Concentration (ppm) 
Standard 
Tree 1 Tree 2 Tree 3 Tree 4 Tree S Average deviation 
Offshoot 1 .8 1 .9 1 .8 1 .8 1 .8 1 .82 0.04 
Organogenesis 
AFJA 0.2 0.2 0.3 0.3 0.3 0.26 0.05 t'? AfIB 0.3 0.3 � 0.4 0 2  0.3 0.30 0.07 >. ,., Offshoot 1 .6 1 .6 1 .7 1 .7 1 .7 1 .66 0.05 
Organogenesis 
AEJA 0.3 0.2 0.3 0.3 0.2 0.26 0.05 ., ., AEIB 0.4 0.4 0.4 0.4 0.4 0.40 0.00 -E '"' 
co Offshoot 1 .8 1 .8 1 .9 1 .9 1 .8 1 .84 0.05 
Organogenesis 2.9 2.8 2.8 2.8 2.9 2.84 0.05 
AEJA 0.3 0.2 0.3 0.3 0.3 0.28 0.04 
t'? AEIB 0.4 0.5 0.5 0.4 0.4 0.44 0.05 '" <> >. 
V1 Offshoot 1 .5 1 .5 1 .4 1 .4  1 .5 1 .46 0.05 
Organogenesis 2.9 2.8 2.8 2.8 3 2.86 0.09 
AEJA 0.4 0.5 0.5 0.6 0.5 0.50 0.07 
AfIB 0.4 0.5 0.5 0.4 0.4 0.44 0.05 
Offshoot 4 4 4 . 1  3.9 4 4.00 0.07 
Organogenesis 
AEJA 3.2 3 . 1  3 3.2 3 3 . 1 0  0.10 '" ;; ., AEIB 3.5 3.6 3.5 3.5 3.6 3.54 0.05 >. ,., Offshoot 4.1 4 4 .1  3.9 4 4.02 0.08 
Organogenesis 
AEJA 3 . 1  3 . 1  3 3.2 3 3.08 0.08 
'" AEIB 3.5 3.6 3.5 3.4 3.6 3.52 0.08 '" OJ � Offshoot 4.2 4.2 4 . 1  4 4 4 . 10  0. 10 
Organogenesis 3.9 3.8 4 4 3.9 3.92 0.08 
AE/A 3.2 3 . 1  3 3.2 3 3 . 1 0  0.10 
t'? AEIB 3.5 3.6 3.5 3.5 3.6 3.54 0.05 '" ., >. 
4 3.8 3.9 3.94 0.09 V1 Offshoot 4 4 
Organogenesis 3.9 3.9 3 . 1  4 4 3.78 0.38 
AE/A 3.2 3.1  3 3.2 3 3 . 10  0.10 
AEIB 3.5 3.6 3.5 3.5 3.6 3.54 0.05 
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Zinc Concentration (ppm) 
Standard 
Tree 1 Tree 2 Tree 3 Tree 4 Tree 5 Aver<lge deviation 
Offshoot 4 3.9 4.2 4 4 4.02 0. 1 1  
Organogenesis 
AEJA 3.6 3.9 4.2 4 3 . 1  3.76 0.43 � AfJB 5.8 6.1 .., 6 5.5 5 5.68 0.44 ... >. 
..... Offshoot 4 4.5 5 5 4.9 4.68 0.43 
Organogenesis 
AFJA 6.1 6.2 6.4 5.5 6.1 6.06 0.34 " ., AfJB 6.2 6.2 5 .1  5 .7  6.2 5.88 0.49 -E '" 
Offshoot 3.2 3.9 CQ 3.1  4.4 4.9 3.90 0.77 
Organogenesis 4.8 4 . 1  5.6 4.6 3.2 4.46 0.89 
AEJA 3.§ 3.3 4.9 4.1 4.4 4.10 0.60 � AE/B 3 3.6 4.2 3.5 3.6 3.58 0.43 1'3 " >. 
V) Offshoot 5.6 5.2 5.5 4.3 4.6 5.04 0.57 
Organogenesis 5.3 5.5 5.6 4.1 4.3 4.96 0.71 
AEJA 3.9 3.2 4.3 4.7 4.1 4.04 0.55 
AE!B 4.9 4.4 4 . 1  3.8 3.5 4.14 0.54 
Offshoot 3.7 3 4 3 4 3.54 0.51 
Organogenesis 
AEJA 4.4 4 3 4 4 3.88 0.52 
'" ;:; " AE!B 3.9 4 4 4 5 4 .18 0.46 >. 
'" Offshoot 5 .1  5 4 4 4 4.42 0.58 
Organogenesis 
AEJA 3.8 3 4 4 4 3.76 0.43 
v: � AfJB 4.4 4 4 4 4 4.08 0. 1 8  � Offshoot 6.1 5 . 1  6. 1 4. 1 6.2 5.52 0.91 
Organogenesis 3.6 3.3 4 4.9 5.5 4.26 0.92 
AE/A 3.7 3.5 4.3 5.1 3.3 3.98 0.73 
� AE!B 4.9 4.6 4.6 5.5 5 . 1  4.94 0.38 " ., >. 
V) Offshoot 5.3 5.8 6 6.3 6 5.88 0.37 
Organogenesis 5 5 .1  6 6.3 4.9 5.46 0.64 
AEJA 3.8 4.9 4 5.1 4 4.36 0.59 
AE/B 4 4 4 .2  5.7 5 .1  4.60 0.76 
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Reducing sugars % 
Standard 
Tree 1 Tree 2 Tree 3 Tree 4 Tree 5 Avera� deviation 
Offshoot 68 69 70 70 68 69.00 1 .00 
Organogenesis 
AE/A 70 7 1  68 66 63 67.60 3.21 � AEIB 7 1  65 7 1  70 68 2.55 .. 69.00 ., >. 
<"l Offshoot 65 65 63 67 66 65.20 1 .48 
Organogenesis 
AE/A 63 64 70 70 68 67.00 3.32 ., AEIB 64 ., 67 65 70 72 67.60 3.36 -e .. 
Offshoot 67 63 OJ 75 75 69 69.80 5.22 
Or.ganogenesis 65 69.5 63 64 72 66.70 3.87 
AE/A 63 73 69 68 62 67.00 4.53 
on 
70 68 68 .. AEIB 7 1  70 69.40 1 .34 ., >. 
V') Offshoot 68 72 73 67 69 69.80 2.59 
Organogenesis 68 68 67 66 63 66.40 2.07 
AE/A 67 67 67 68 68 67.40 0.s5 
AE!B 7 1  69 63 63 65 66.20 3.63 
Offshoot 68 61 63 65 67 64.80 2.86 
Organogenesis 
AE/A 63 62 61 65 70 64.20 3.56 
I:'.' AE!B 7 1  74 73 70 70 7 1 .60 1 .82 � ., >. 
Offshoot 70 69 <"l 69 68 67 68.60 1 . 1 4  
Organogenesis 
AE/A 69 68 68 68 63 67.20 2.39 
'" AEIB 7 1  70 73 69 63 69.20 3.77 V> '" � Offshoot 68 63 68 76 76 70.20 5.67 
OrganogenesIs 63 65 67 62 68 65.00 2.55 
AE/A 76 70 69 67 67 69.80 3.70 
I:'.' AE!B 70 66 70 67 70 68.60 1 .95 '" " >. 
V') Offshoot 65 73 70 69 62 67.80 4.32 
Organogenesis 63 63 7 1  70 65 66.40 3.85 
AE/A 65 73 62 69 66 67.00 4.1 8  
AE/B 60 66 73 63 66 65.60 4.83 
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Frui t  weight (gm) 
Standard 
Tree 1 Tree 2 Tree 3 Tree 4 Tree S Average deviation 
Offshoot 1 4  1 3.9 1 3.9 14 . 1  1 4  1 3.98 0.08 
Organogenesis 
AE/A 1 3.8 1 3.8 13.7 1 3.8 1 3.8 1 3.78 0.04 � AE/B 14 . 1  1 4  0.08 '" 14 1 4 . 1  1 4.2 1 4.08 ., >. 
'" Offshoot 1 4  1 4  14 14.1  1 4.2 1 4.06 0.09 
Organogenesis 
AE/A 1 3.9 1 3.8 1 3.7 1 3.8 1 3.8 1 3.80 0.07 
<) AE/B <) 1 4  1 4  1 4  1 4 . 1  14.2 1 4.06 0.09 {: '" 
Offshoot t!l 1 5 . 1  1 5. 1  1 5  1 5  15 . 1  1 5 .06 0.05 
Organogenesi� 1 5  1 5 . 1  1 5  1 5  1 5 . 1  1 5.04 0.05 
AE/A 1 4  1 4  1 4  14 . 1  1 4.2 1 4.06 0.09 
� AE/B 1 4.6 1 4.4 '" <) 14.3 1 4.4 1 4.3 14 .40 0. 1 2  >. 
V'l Offshoot 1 5 . 1  15 . 1  1 5  1 5  15 . 1  15.06 0.05 
Organogenesis 15 .2  15 . 1  15  15  15 . 1  1 5.08 0.08 
AE/A 1 4.5  14 .4 14.3 14.4 14.3 1 4.38 0.08 
AE/B 14.1  14  14 14 . 1  14.2 1 4.08 0.08 
Offshoot 1 5 .3 1 5 . 1  1 5 .2 1 5.2 1 5.3 1 5.22 0.08 
Organogenesis 
AE/A 1 5  1 5 . 1  1 5  1 5  1 5 . 1  1 5.04 0.05 
� AE/B 1 4.9 1 5 . 1  15  15  15 . 1  1 5 .02 0.08 '" ., >. 
«) Offshoot 1 5.3 1 5 . 1  1 5  15  15 . 1  15 . 10  0. 1 2  
Organogenesis 
AE/A 1 4.8 1 5 . 1  1 5  1 5  1 5 . 1  1 5.00 0. 1 2  
'" � AE/B 1 4.6 1 4.4 14.3 14 .4 14.3 14 .40 0. 1 2  � Offshoot 15 .2  15 . 1  15  1 5  1 5 . 1  1 5 .08 0.08 
Organogenesis 1 5.3 1 5 . 1  1 5  1 5  15 . 1  15 . 10  0. 1 2  
AEIA 1 4. 1  1 4  1 4  14 . 1  1 4.2 1 4.08 0.08 
� AEIB 1 4 . 1  1 4  1 4  1 4 . 1  14.2 1 4.08 0.08 '" ., >. 
V'l Offshoot 14 .8 1 5. 1  1 5  I S  1 5 . 1  1 5 .00 0. 1 2  
Organogenesis 1 4.9 1 5 . 1  1 5  1 5  1 5 . 1  1 5.02 0.08 
AE/A 1 4  1 4  1 4  1 4 . 1  14.2 14.06 0.09 
AE/B 1 4. 1  1 4  1 4  1 4 . 1  14.2 1 4.08 0.08 
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Seed weight (gm) 
Standard 
Tree 1 Tree 2 Tree 3 Tree 4 Tree 5 Average deviation 
Offshoot 1 1 1 1 . 1  1 . 1  1 .04 0.05 
Organogenesis 
AE/A 1 1 1 1 . 1  1 . 1  1 .04 0.05 
� AE/B 1 1 '" 1 1 . 1  1 1 1 .04 0.05 ., >. 
<'"l Offshoot ) 0.9 1 11 1 . 1  1 .02 0.08 
Organogenesis 
AE/A 1 1 1 . 1  1 . 1  1 . 1  1 .06 0.05 
u ., AE!B 1 1 1 1 . 1  1 . 1  1 .04 0.05 .s:: d 
Offshoot p::j 1 1 . 1  1 1 . 1  0.9 1 .02 0.08 
Organogenesis 1 ) 1 1 . 1  1 . 1  1 .04 0.05 
AE/A 1 1 . 1  1 1 1 . 1  1 .04 0.05 
� AE/B 1 1 1 " ., 1 1 . 1  1 .02 0.04 >. 
VI Offshoot 1 1 1 J . l  1 . 1  1 .04 0.05 
Organogenesis 1 1 1 1 1 . 1  1 .02 0.04 
AFJA 1 1 . 1  1 1 . 1  1 . 1  1 .06 0.05 
AE/B 1 1 1 1 . 1  0.9 1 .00 0.07 
Offshoot 0.9 0.9 0.9 1 1 0.94 0.05 
Organogenesis 
AFJA 0.9 0.9 0.9 1 1 0.94 0.05 
� AE/B 0.9 1 0.9 0.8 0.9 0.90 0.07 '" 
'" >. 
0.9 <'"l Offshoot 1 0.9 0.8 0.9 0.90 0.07 
Organogenesis 
AFJA 0.9 1 0.9 0.8 0.9 0.90 0.07 
'" 
E AE/B 0.9 1 0.9 0.8 1 0.92 0.08 .c � Offshoot 0.9 1 0.9 0.8 0.9 0.90 0.07 
Organogenesis 0.9 1 0.9 1 0.9 0.94 0.05 
AEiA 0.9 1 0.9 0.8 1 0.92 0.08 
� AE!B 0.9 1 0.9 0.8 0.9 0.90 0.07 <"0 <> >. 
VI Offshoot 0.9 1 0.9 1 0.9 0.94 0.05 
Organogenesis 0.9 1 0.9 0.8 0.8 0.88 0.08 
AE/A 0.9 1 1 0.8 0.9 0.92 0.08 
AEIB 0.9 1 0.9 0.9 0.9 0.92 0.04 
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Seed length (em) 
Standard 
Tree 1 Tree 2 Tree 3 Tree 4 Tree 5 Aver�e deviation 
Offshoot 1 .5 1 .6 1 .5 1 .7 1 .6 1 .60 0.08 
Organogenesis 
AE/A 1 .5 1 .6 1 .6 1 .7 1 .8 1 .60 0. 1 1  � AE!B 1 .7 1 .6 <0 1 .6 1 .6 1 .6 1 .62 0.04 '" >. 
C"\ Offshoot 1 .5 1 .7 1 .7 1 .5 1 .5 1 .58 0. 1 1  
Organogenesis 
AE/A 1 .6 1 .6 1 .7 1 .6 1 .6 1 .80 0.04 
., AE!B 1 .8 ... 1 .6 1 .5 1 .6 1 .5 1 .60 0.1 1 -E <0 
Offshoot 1 .6 1 .6 CQ 17 1 .5 1 .7  1 .80 0.08 
Organogenesis 1 .8 1 .6 1 .5 1 .6 1 .5 1 .60 0.1 2  
AE/A 1 .6 1 .5 1 .7 1 .6 1 .7 1 .80 0.08 
t':: AE!B 1 .8 1 .6 '" ., 1 .5 1 .6 1 .5 1 .60 0 . 1 2  >. 
VI Offshoot 1 .6 1 .6 1 .7  1 .7  1 .7 1 .80 0.05 
Organogenesis 1 .8 1 .6 1 .5 1 .6 1 .5 1 .60 0.1 2  
AE/A 1 .6 1 .6 1 .7 1 .6 1 .7 1 .80 0.05 
AE/B 1 .8 1 .8 1 .5 1 .6 1 .6 1 .60 0.13 
Offshoot 2 1 .9 1 .9 1 .8 1 .9 1 .90 0.07 
Organogenesis 
AE/A 1 .8 1 .9 1 .9 1 .8 1 .8 1 .84 0.05 
t':: AE/B 1 .9 1 .8 1 .8 1 .9 1 .8 1 .84 0.05 <0 ., >. 
C"\ Offshoot 1 .8 1 .7 1 .7 1 .8 1 .9 1 .78 0.08 
Organogenesis 
AE/A 1 .8 1 .9 1 .9 1 .8 1 .8 1 .84 0.05 
� AE!B 1 .9 1 .9 1 .8 1 .9 1 .8 1 .86 0.05 <0 
§ Offshoot 1 .8 1 .7 1 .7 1 .8 2 1 .80 0. 1 2  
Organogenesis 1 .8 1 .9 1 .9 1 .8 1 .8 1 .84 0.05 
AE/A 1 .9 1 .8 1 .8 1 .9 1 .8 1 .84 0.05 
t':: AE/B 1 .8 1 .7 1 .7 1 .9 1 .9 1 .80 0. 1 0  '" <> >. 
VI Offshoot 1 .8 1 .9 1 .9 1 .8 1 .9 1 .86 0.05 
Organogenesis 1 .9 1 .8 1 .8 1 .9 1 .8 1 .84 0.05 
AE/A 1 .8 1 .9 1 .7  1 .8 2 1 .84 0. 1 1  
AE!B 2 1 .7 1 .7 1 .8 1 .9 1 .82 0.1 3  
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Seed width (em) 
Standard 
Tree 1 Tree 2 Tree 3 Tree 4 Tree 5 Average deviation 
Offshoot 0.8 0.7 0.8 0.8 0.7 0.76 0.05 
Organogenesis 
AEJA 0.8 0.8 0.7 0.7 0.7 0.74 0.05 � AFJB 0.7 0.8 oj 0.8 0.8 0.8 0.78 0.04 ., >. 
f') Offshoot 0.8 0.7 0.7 0.7 0.8 0.74 0.05 
Organogenesis 
AEJA 0.8 0.8 0.7 0.7 0.7 0.74 0.05 
., AE/B '" 0.7 0.8 0.8 0.8 0.8 0.78 0.04 .!:: � 
Offshoot 0.8 Dl 0.7 0.7 0.7 0.8 0.74 0.05 
Organogenesis 0.8 0.8 0.7 0.7 0.7 0.74 0.05 
AE/A 0.7 0.8 0.8 0.8 0.8 0.78 0.04 
� AEfB 0.8 0.7 0.7 0.7 0.8 0.74 0.05 '" '" >. 
V) Offshoot 0.8 0.8 0.7 0.7 0.7 0.74 0.05 
Organogenesis 0.7 0.8 0.8 0.8 0.8 0.78 0.04 
AE/A 0.8 0.7 0.7 0.7 0.8 0.74 0.05 
AFJB 0.7 0.8 0.8 0.8 0.8 0.78 0.04 
Offshoot 0.7 0.8 0.8 0.8 0.8 0.78 0.04 
Organogenesis 
AE/A 0.8 0.7 0.7 0.7 0.8 0.74 0.05 
� AFJB 0.8 0.8 0.7 0.7 0.7 0.74 0.05 '" ., >. 
f') Offshoot 0.7 0.8 0.8 0.8 0.8 0.78 0.04 
Organogenesis 
AE/A 0.7 0.8 0.8 0.8 0.8 0.78 0.04 
'" 
AEfB 0.8 0.7 0.7 0.7 0.8 0.74 0.05 :q � Offshoot 0.8 0.8 0.7 0.7 0.7 0.74 0.05 
Organogenesis 0.7 0.8 0.8 0.8 0.8 0.78 0.04 
AE/A 0.7 0.8 0.8 0.8 0.8 0.78 0.04 
� AEfB 0.8 0.7 0.7 0.7 0.8 0.74 0.05 '" '" >. 
0.8 0.8 0.7 0.7 0.7 0.74 0.05 V) Offshoot 
Organogenesis 0.7 0.8 0.8 O.S 0.8 0.78 0.04 
AE/A 0.8 0.7 0.7 0.7 0.8 0.74 0.05 
AE/B 0.8 0.8 0.7 0.7 0.7 0.74 0.05 
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